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The Sub~ommittee o n  "feldihg of Armor waa one of several similar 
groups, organized during 1940 under the Ferrous Metallurgical Advisory 
Board of the Ordnance Department, each of which wae intended to aerve 
as advieory an a particular ordnance problem. The particular province 
o f  the Subcommittee on l?elding of Armor was t h t  of fabricst% srmor 
~i truc tures by welding. 

It was be?-ieved deeirabls t o  prepare this record of the Subcow 
mittee for possiblo future reference so that dl data pertinent t o  the 
Subcommittee Organi~atian and Actitritfes might be found udsr one cover 
for the foPZowing reasons: 

(1) ?his &bcomfttee wns organized and functioned without 
precedent in d o d i n g  with a~ ordnance production problem 
never before oncom tsrod and pnr t  i c u l ~ r l y  under the stress 
of a n a t i o n i ~ l  defense mergoncy. 

(2) The details of Subcommit t e a  organiznt ion, membership and 
ac t id t i e s  may bo found in the minutes of its meetinga, 
some fiftoon (15) soparate raports, as w e l l  ae several  
8ubcomi t t s e  Clrculexs and Tachnicd Bulletins and quite 
voluminous corr~spondanco in o f f i c i a l  f i l e s  of the Ord- 
nance bpartrnent. 

In preparing this rocord liber,al uss has been mdo of extracts from 
the stemgraphic transcripts of the vmioua Subcomitteo meetings t o  show 
the trends of thinlrirg an& development of methods of operation relating 
t o  the varlous phases of tho problem of aroducing armor weldmenta for com- 
bat vehicles as pioneered during Worla W a x  11. U s o  included: are cer ta in  
pamphlets c?nd form& md portions of correspondence pertaining t o  the or- 
ganf zntion and f unctfioning of the Sub wmmi t tee  to indicate the ganef al 
p o l i c i e s  fol lowed dnring the hectic d a y s  of rearming Democracy for the 
con tes t  with tho logions of Tacisrns 

Sonior Welding Ehgintaer 
Secretary of the Subcamittoe 
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INTRODUCTION , . 
The production of armor and armored structures for the U- 8. 

Army is essentially a wartime problem aince, in peacetime, the de- 
mand for such materiel ie practically n i l  except for possibly a P& 
items for development and t r a i n ing  purposes. P r i o r  t o  1928 weldfk 
was not used in the manufacture of ordnance materiel but came i n t o  
quite general use for construction of ma$ile gun, carriages about 
1935 with the advent of commercial low alloy constrlto t>onal ekes18 
and covered welding electroacs,  

h r i w  the  decada between 1930 and 1940 when development of 
we1d;il.g mathofis arrd material8 was being actively carried on in the 
shops &I& laborataries of the a r t i l l e ry  manufscturing arsenals of 
the Osdrmnze DBpartxosnt, the n c t l v i  tiles of these Ordnance aganciee 
were concerned prinarily w3 t h  the application of welding t o  the I&&- 

Sactura o f  weldments f o r  nab i le  gun carriages and. similar structures 
f a b r i c e e d  of l o w  alloq cons tructionnl s taela.  Since the product i on  
of armor structures i s  eseantinlly n lmrtims problem the development 
of  methods for welding crmor received less a t t en t fon  during this perf- 
o& although a number of t e s t s  vere mado of wolds in armor in the shops 
and laboratories o f  both Rock Tslanit and Ifatartown Arsermle* 

These t e s t s  consis tad primarily of b s l l i s  tic penetratf on t e s t s  
mado at Aberdoen Proving Ground of butt welded t e s t  p l a t o n  in 1/4 
inch and 1/2 inch thick ro l lod  homogoneoua armor. During this peri- 
od it Wn8 gonepnlly considered that a satisfactory butt wdd fa armor 
ehould develop B bal/istic limit- f o r  penetration with A.P. projectiles 
o f  not leas than ~ 5 %  of that developad by the  unwelded armor plate* 
Practically a l l  of these wrly test welds, mxdo with comerclally 
available covered ferr i t i c  typo eloctrodos on the then available high 
hardenabil i ty armor p la te ,  fa i lod  t o  moet t h i s  ballietic pensttation 
requiroment. One experimental wold in 1/2 inch plate made nt Rock 
Island h a a n a l  using high nanganese auatonitic type weld metal did* 
howwer, $haw exceptionally good performnnce over provious matorials 
which had been tr ied,  Subsequently ~t series of three t o s t  butt welda 
mado with 25/20 chrome-nickel aust~nitic stainless weld metal in 1/2 
inch r o l l a d  armor at Watertown Ar6ena.l and tested et Aberdeon Proving 
Ground act th is  ltandard penetration requirement quite succarlafully. 
The results are reported in Watertown Arsenal Laboratory Report No* 
64~12,  2 March 1939. 

The energetic start of the Nertianal Defense Program in 1940 
narked tho baginning o f  an active effort to  apply welding to tho fhb- 
r icnt ion of amor. When this program was initiated the plans f o r  
production of armred vehicles required t o  meet projected military 
needs socessft~ted tho utiltzstion of the industrial frtbricbtion 

. f e c i l i t i e s  of the country t o  the ful les t  extont possible and men the * creation of new ones t o  o b W n  the desired prodwtbn ~QGAUW the 



llwimm 
producing capacity of Ordnance mannfaeturing arsenal6 is f nadequate 
t o  carry thes-wartlme production l a d .  The conversion of these in- 
dustria facilities from peamtime to w a r t l m e  production was a co- 
loose1 undertaking which could net be accomplished overnight and 
which, as far as the production of armored vehicles was concerned, 
was somewhat w i c a p p s d  by the lack o f  established manufacturing 
practices f o r  fabricating a r m o r  struc$uree. 

The i n i t i d .  production of armared vehiclee wae undert&en on a 
relatively small scaler employing riveted construction and as more 
f lnci l i t ies  became available production wns fncreased. However, soon 
d t e r  riveted armor vehiclos had been in action information on gar- 
vice performance which was: received indicated the desirability of 
some method of  jofning armor plate which would elimfnnte the danger 
t o  the occupants of ntl armorad vehicle from internally flying: rivet 
and b o l t  heads caused by the shock of  Impact of projegt i l e s  over- 
matching the plate. This was a problem in which all of the u s i x  
erervicem were v i ta l ly  interested, Jn addftioq, Pnduatsy, Re w e l l  as 
the Ordnmca Department, dasirod a mothud of fa'brlccttion which W O ~  

expedite the assembly of armorod vehic'los, permi$ more effective 
streamlining, and axpedite production per man hour ovar that o'btqined 
'by the riveting and bolt ing process, 

Under the sarrction of  the P~rrous Metallurgical Advisory Board 
en advisory body of material and fabrication specidiste  wad formed 
t o  study the problem of welding armor aad t o  advise and asafst the 
Chief of Ordnance in coordinatiag the development o f  methods and 
procedures f o r  welding Brmor and the application o f  aueh methods to  
production of armored vehicles. This advisory body was organiznd 
as the Subcommittee on Welding of Armor by Lt. Col. S. B4 Ritchie, 
then Director o f  the Labornto~y at Watertown Areend, as Secretary 
of the Ferrous Metallurgical Advisory Board, at a meeting nt W a t e ~  
town Arsenal on 19 December 1940. 

In organizing tho Subcommittee it was considerod tb f  rep- 
resentation was .desired from armor proitucors, weldf ng fabricstore, 
and suppliers of welding materials and equipment, Accordingly, 
invitations by letter* wero sent to the following induatrial  com- 
panie~  together with an agenda for the meting:** 

A* Rolled A ~ o r  Plate Froducors 

Re-publ ic Steel Corporation 
Carnegie-I11 Enols Steel  Corporation 
Henry Diaston and Sons Conpaw 

*Inclosure I - Appendix A 
** I nclosuro I - Appendix B 



B, Armor Casting Producera 

AmsrPm Steel Foundries 
Eebanon Steel Foundries 
@ntinentaS Rol l  and Steel Fowcby Cornpaw 
General St eel Castinga Corporation 

C. Welding Pabricntors 

A. 0. Smith Corporation 
York Safe and Lock bnpnw 
Baldwin Locomotive Works 
Elactrosotive Corporation 
herican &r and Foundry bnpq 
Diebold Safe and Lock &npsr~ 

D, WoLding Materials SuppJiars 

Metal cncl T h e m i t  Forporatf on 
Wniachf eger Coxlporatioq 
Arcos CoqorntEon 

The various standard f o r m  doveloped for use in nilmfnietsri2~g 
the  affair^ of tho Subconmitteo a r e  i n c l d ~ d  in Appendix A together 
with Subcornittee Bullatin5 %I and W-2 whlch were issued for the 
inform~tion and guidance of Subconmi%tse nernbera in 19&. 

Copies of tho Agendun prepmed for each of the fifteen regular 
meetings of the Subcornittee are included in Appendix Bp 

Attenbate at the varibus meetings 88 rocordad at the e h r t  of 
each meeting i a  given in Appendix C. 

It should be pointed o u t  that the quotatiofis included herein 
which were taken from transcripte of the discussions at the various 
meetings have been faeluded essentially ao  given therofn with c a r  
t ~ i n  lntrorluctory statements a r  paregraphs by the writer. 



FIRST bIIC3TXNG 
SUBCOMMITTEE ON WZZDING OF ARMOR 

THUllSUY, 19 DXCDIBEB 1940 
I~ATERTOWN ARSEIJkL 

The meeting convened at the Officerat Club, Watertown Arseml, 
on Thursday, 19 December 1940 with 34 persons in attendance' rap- 
resenting the fol lowf ng orgtlaizations: 

t Rolled Armor Plate Producers 
Cast Armor Produaers 

6 Welding Fabricat i o n  Gompanf es 
3 Welding kter ia l  Suppliers 

Office, Chief of O e n c e  
U. 5. Navy, Bureau of Shfpe 
Aberdaen Proving G r o ~ n d  
Water town Arsehal 

Brigadier General 8, W. Case, Co-ndf ng Off ioer ,  latertown 
Arsenal, and Pr eaident, Ferrous Metallurgical Advisory Board, pre- 
sided at the opening of the meeting and after brief introductory 
remarks turned the meeting over t o  Colonel Ritchie, who presided 
for the remainder of the discussions. 

Fram the agendwn** for this meeting it may be notod that the 
subjects of discuseion were primarily concerned with tho organiza- 
tion of t h ~  Subcomrnittse, apocif icat ion requiren&nts fdr welds in 
armor, ~ n d  proposals for development of armor wel'bing methods by 
co-operative aativity between industrial and service agoncf es. 

Iil hie  introductory remarks General Case indicated tho gene- pur- 
pose of tb Subcornittee as f o l l ows :  

"The Ordnance Dopnrtment appreciates v e e  much your 
giving your time t o  oome here and c o n ~ u l t  with us ~ n d  with 
each other in the solution of  our problems--this one beiw 
particularly the welding of armor plate. The work of these. 
Subcommitteee w i l l  be coordinnted by tho lhtallurgicel 
Board, and t he i r  advice w i l l  be asked for in cannoction 
with the problems that &re submitted to the various Sub- 
committees. Pro foe1 that by thio mathod we aan h v e  s 
coordinetod offort on thoso netallurgic~ll q ~ a t i ~ n s ,  ~ n d  
get rosults that we probably would not  bo able t o  get in 
any other w. It 

*Appendix C 
**Inclosure I - Appendix B 
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Lt. Colonel Ritchie further elaborate& on the projected activity of 
the Subcommit tee a.a follows: 

ItAs artated i n  the agenda, the bbjective of the S u b c o l ~  
mittee is to be directed toward d e v e l o p 5 ~  euitable proce- 
duros and matarials for walding of armor. As mot of you 
know, considornble experimental and development work has been 
in progress for some time. The Rock I s l a d  Areend, Wator- 
town Arsenal, the Aberdeen Proving (hound, and a number of 
industrial concerns have made progress in th is  f i e l d .  Here 
nt Watertown, we &va a number of co-oporhtfve propma Un- 
derway with certain outgido firms. In view of t h e  numbor of 
individual efforts, it seemed dasirablo tn establ ish a grotrp 
t o  adviso and nseiet in this resewch and development. This 
group, o r  Subcomlt tee# would act  as a coordinrtlfng agency 
and B clearing house f o r  infornation. As General C a ~ e  a l s o  
mentioned, a t  t h i d  preliminmy moeting, we hnve attempted 
t o  invite a cross soction of those who h ~ v o  F. knowledge of 
welding armor or who are ~ctually doing it nt the moment, 
as wel l  as fabricators and electrode nmufncturera and pro- 
duc ers of plate* 

"Tho work of the Subcommittae w i l l  dover the develop- 
ment of suitablo welding procadures for ro l led  rail c a a t  
armor,  homogeneous and f aco-hnrdaned, in thicknossea up to 
at l e w t  three inches. This will involve the develapnant 
o f  suitablo dethode and matorids f o r  welding of armor f o r  
use i n  the conetrmcti.on of tanks and other armored vehicles 
and f o r  f i e l d  repair. 

"The problan of the repair of defects in tho muf+sc- 
ture af cas t  ermr, with s p e c i ~ l  reference t o  the foundry, 
psosonte cortrzin quastiona. How far can we repair defectst 
If we do repair then, what t e s t s  are necessary, in order t o  
insure that we nre gning t o  g o t  serviceable performance hnd 
suitable troatnonts t o  insure the bast condition in the weld- 
ments? Teat prrleeduras necessary t o  guarmtee prnpsr per- 
formance in sorvice w i l l  be objects for considoration. This 
w i l l  briag i n t o  tho picture standards for inspection n f  weld- 
ments, possibly t o  include co lux, X-my, nnd visfblo 
oharacterf a t l o o ,  

"The matter of  specifications, obviously, w i l l  be very 
ingor tant .  Thay are very important at tho moment because of 
the production programs which n r o  under way and w i l l  soon be 
under why.  I w a n t  t o  ngntion 8% this p o i n t  that, of course, 
research and developmant w i l l  continue t n  insure that mnxirmzm 
improvement possible in welds, nnd thsy w i l l  continue t n  be 
one of the prime cnnsidar~tions of the Subcommittee. With 
tbt in mind, re .'lava put a tnpic in tho wen&. asking for 
comments for a pragrnm t n  insure that tha t  w i l l  be done, $dl 
t o  fndicato facilities and prncodurea wheroby it may be most 
effaclfvely carried out. " 



At the time of thfs meeting there were no armor wel-snts being pro- 
duced on a product'ion basis f o r  the armored vehicle program, dthough 
one or two experimental tank, turrets had been fbbricsted for t e s t  at 
Aberdeen Proving Ground, but no standards of performance for such 
weldments had been established. Major McInerney , Off ice, Chief of 
Ordnance, oommented on the problem as fo l lows:  

"We have already made a deoision t h a t  for our l igh t  tanks, 
the turrets w i l l  be of welded construction. The berican Car 
& Youndry Co. had been directed t o  proceed along that line.  
That is the f irst definite decision that has been made, as $he 
result of aur e~rperimental work. In addition, we propose t o  
have the manufadturera of our vehicles each furnish one welded 
body. We have found that the turret can be satisfactnrily 
welded. Ba a.result of that, we ZFO having two armor plate 
mnufooturors weld completa hulls. The problem with tho hul l  
i a  entirely different from that of the turret. A t  the pres- 
ent time, we fee l  that there is no rpquiramont in the turret 
which requires stress r o l i e i n g ,  With thn hull, which is a 

' 
large structure, where a dis tor t ion  is much more l i k e l y  t o  
take place, thero is a likelihood of that problem. The stress 
of tha turret is in PO way similar t o  that t o  which the hulls  
w i l l  be subjected. With tho medium tank, we have found that 
the cast hull meets n l l  of ow requirements. With the light 
tank, however, we Pecl that thoro is still a requirement for 
tho rol led plate, and it will be of welded &sign. 1 think 
that our imodiate problem i s  to  sot  up some szratom by means 
of which we can coordin-.to a12 of thoso nativit ies ," 

The fact that,  at thfs period, d l  matters pertaining to w m o r  plate 
manufacture and fabrionetion were classified ne " ~ o n f i d e n t i n l "  by the 
War Department, and so handled by the armor  producers with respect 
t o  interchange o f  fn farmt ion  between each other, presented an ob- 
struction to the succassful coordination of research md development 
activities i n  the weld$ng of armor because i t  prevontsd free exchmgo 
of data ~ n d  informtion between the people working on the problem. 
&ch A r m o r  producer had his awn -nor compoeitian and heat treatment 
procedure 'developed, or  wns in the process thereof, but the pertinent 
infornation pertaining thereto could not be disclaaed t o  othar indus- 
t ~ i d  reprekentativaa optside his organization without violating 
security regulations. Thus correlation of data nnd free axchango 
of information betw,een industrial people working on the problem of 
weldin$ armor was stymied at the start, 

Thia situation waa rather forcefully emphasized by *r. smith (Repnblio 
Steel krporat,ion) in the following remrks: 

"I think bofore the i n f o r t k i t i o n  is fre~ly given, it mast 
cone upon orders of the b g e m e n t  of the varioue lnrgo pro- 
ducing conpanies, at the request of Washington, properly con- 
a t i t u t e d  people there. Unless t h ~ t  roquoat i s  made, I very 
much doubt whether you w i l l  get ful l  co-operation, I w i l l  give 
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you a spscif it emmpLar of r h t  X stm tdhing n'bmut, f was 
called on the telephone the other day by a man who is a very 
good friend of mine; he is the head of a. responrsible compaagt* 
He said t o  me, I would l ike t o  discuss the whole problerm of 
armor plate with you. I said t o  him, If you wiU aams t o  me 
with an order from General ffesson and one of the executives of 
W company,' I w i l l  t e l l  you awthing you want t o  know about it* 
Otherwf se, 1 will t e l l  you nothing. ' 

"There is no machiasrg' set  up w i t h  the steel producers, 
e.8 yet, Po provide for froa ieterchmge of information, and. 1 
think it w o a d  take exeeuttve order from th8 various axeuutives 
t o  provide for freo intercbngo, and I think i t  shoud be done. 
f see no reason fop not doing it, but 1 would d a y  that f % w o a d  
require executive order from tho vmious peoplb before i t  could 
be dons on a f u l l  swle,  and there f s  no us@ in doing it unless 
you do it on R. fu l l  scale. I $80 no way in tho world f o get the 
work done if we are going to confine it t o  this  circla. I t  is 
q opinion that  thera is a tSmo in tho n o t  t o o  distant future 
whan any iafbrmtion available w i l l  be put i n t o  the hands of 
any reputable organization in o r  outside the group. 1 think 
there shoula be a def inite  understanding that goes back ta tha 
executives of reaponsibla manrrgemont, The rmificntions of a 
big company are much more di f f icul t  t o  control  thkn tha mi- 
f icat ione of G small unit, 1rd'ormatfog that is in qy possession 
hare and in the posseosion of certain of my men has mw mofa 
outlets that it can cane in cbatact with thRR the i n f o r m t i o n  
which might be in the 1.lahds of moil this eight-foundry group* 
f don1 t know the qum%er of men iwolved in the foun* gmup, 
but I know f t must be modest, Now, if th i s  type of irrfonaa- 
t i o n  ds to be ponled and is t o  be recirculated, I think Man- 
agement af tho big coqnnies  ahould issue that order, and it 
should be blunt and broad in I t s  sc~pc ,  so that whatever is 
graeent is no2 ehlg available on request, but should be 
nished. I 

"I Ibolfeve thora has been no vithholding of infnrmaticn 
of aaythisg that  ha^ been dono in tho a tao l  p l ~ a t s  f ron  you 
gentlemen of the qomf ce; but, I think there muld be a dfa- 
tinct f eeliag on the part of the iurecutives, some of these 
people who -have put ia gears, l i k e  Idghtnori s organhatinn 
hha, if they have tn bring down everything and ray, 'Hare it 
is; give it to awbody in the cauntrp you seo. f i t  tn gi'l&e It 
t o  right nowbl I think that the hoad of the Ordnance Depart- 
ment, o r  the h o d  of the navy, should bring nut avorything that 
could, be brought nut, and put it in your hande, to  do with such 
as in your Judgment it ia correct t9 do with it. Otherwise, 
I don't th5& you w f l L  get  it." 

The eenss of the mooting an t h i s  sftzIatinn was ewmnxtzed by Lt. Ql, 

0 
Ritchia as fo l lows:  

"It seaas t o  be the f eo2iag of the electrode ma~1uf~c' 
twore represented here that thoy would not deem 'it necessary 



or probably c0uJ.d not df sclose the compositions. and other de- 
t a i l s '  pertaining t o  the coatings on electrodes, but that you 
could.make avai lab le  other information pertaining to  the use 
o f  those electrodes, the c o q o s i t i o n  of the a l l o y ,  and s o  on. 
The cast armor group, I believe, are wi l l ing  to  place the data 
theg have on the table before the *ole group. Some of the 
others present feel that it is necessary t o  go back and have, 
let us sw, the Chief of O r d w c e  make a specific rsquegt to 
the firms for d i s c l o s ~ c e  of this in fo rne t ion  LO make i t  availr 
able to the Subcommittee. I t  ssems t a  be the Gonoensub of 
opinion that th i s  letter should be signed by the Chief of Ord- 
nanc e. " 

Diecussion of  b a l l f  atic t e s t e  of' weldments f ndicated t h t  a 25/20 stain- 
less s t e e l  electrode is the  only satisfactory electrode a v ~ i l a b l o  for 
welding of armor at this time. I t  a l so  appeared t h t  welds made with 
this type of olectrode SP, armor do produce ballistic limits in exceffs 
o f  the tontntively establiehed ~cceptnblo mlhirqum of 65$ of that spsci- 
fied for the unwaldod p la te ,  

Experience at Aberdoen Proving Ground up t o  tho time o f  this meeting 
was outlined by Mr. Harry &use as follows: 

"Aberdeen, within the last six months, h.8 tes ted  R 

number of welded platoa. We have also tested some welded 
turrote, The ballistic properties i n  tho weld hnve run f rom 
g5 t o  -90 per cent; tha t  4s .  of the plate, On some heavy plata, 
furnished by Carrregio-Illinois Steal Co'osporntion, on which we 
ran comparative tests with a riveBod structure, we have gatten 
ballistic qualities of npprox$.mtely 65%. That wns using n 37 
mm. projoct i l e  for p o n o t r ~ t i o n .  In' comparing that t o  tho riv- 
eted structure, i t  wne rather d i f f i c u l t  t o  givc the b a l l i o t f c  
value o f  the rivetad construction because by our daf i n i t i o n  of 
complete penetration, which i s  dafincd ae light passing through 
a plate, you can Tory readily sea tho d i f f i c u l t y  o f  getting i t ,  
or rather knowiw when you had a complete penetration i n  it, 
becaueo of the riveted structure. You get a rivet,  and a t  VBW 
little blast ing,  you can hock i t  out, So it is rather diff i- 
cul t  t o  g e t  a direct comparison, as far as penetration is con- 
cerned* Now, in shocking these two plntes with n 75 mm4 pro- 
jectile, it was a contrast rather than n campsrison. In tho 
matter of  the welded structure, it stood up very well. Ae a 
matter of fact, there was preotically no effect on the weld* 
The velocities w e d  were the specif icntiane of volocfty  for 
that thickness of plats. With tho riveted plate, the gunner was 
very fortunate that dagt; he h i t  the plate  Fight in the canter 
and there was one rivet left holding tho twa plntes together. 
As far,as structures m e  concarnod, we have tasted R turret f o r  
the medium tank, and as ~ 0 1 1  as we can deternine the ballietfc 
limits, the wold ran approximtoly a5 t o  90 por cent of tho 
plste: it stood up v e r  well  on shock t e s t ,  with 37 nmr This 
w ~ e  o n e i n c h  faoe-h~rdened plate, Thero wna very l i t t l e  dracking 



o f  the weld, and En some of  the camlate  penetrations, there 
wae a l i t t l e   palling on the face, or be&. Within the last 
couple of months, we have tested two turrets, for the l ight  
tank M2-Ab; one was of welded construction, in that case 
again, the welded construction s tood up much ,better. .With the 
riveted turret, we were able t o  shoot  out the rivets with a 
50-caliber at low velocity; With the sarne Joint welded, we 
were able t o  g e t  through at ~tppro'ximately 2500 f / s  velociQb 
The shock testiag df these two brought these results. 'In the 
welded turret,  after practically the sene amount and probably 
a little more, with r 37 am., on one-inch plate ,  the welded 
atrukture was in much better condi t ion than the r i v e t e d  one. 
As far as other structures are concerned, on the hu l l  atruo- 
turss for  inst~mce, wo have practically na Information; and, 
blthough we have given instructions t o  make the turrets welded, 
I doatt think that w i l l  apply t o  hulls until we W e  mare t e s t s .  
Now, as fnr as balfistics aro concerned, I thiak wo have no 
worriea with t he  woldad hul l ,"  

Major McInernqvcommanted briefly as fo l lows;  
"We h v o  n o t  yet m d o  my t a s t ~  of any welded structures, 

to see how t h q  w o u l &  stand up under tho actual -serviao condi- 
t ions ,  Our Only tostn t o  dAt0 b v 8  b ~ ~ n  ballistic tests.  We 
nre satisfied that waldad atructtires aXQ moro satisfactory, 
f r o m  tho  ballistic point of viawr 

"One of tho objections which has bean advanced ragazdfng 
the aaqt turrat and t ho  waldod structure is the difficulty of 
repfiir fn tho f i e l d ,  ,In o t h o r  words, when they bolt or* rivet 
a structure, we mn take out that individuel plate. So, in 
order t o  t e s t  w h t  conditions we ivuuLd have with a cast  strue- 
ture, we took one turret which had been fired at with bath 75 
and 37 Phe b d l l s t i c  l i m i t  of the  plato in the turret wae 
esta ' l i sbed;  thara wero Eargo holes up to throe and three and 
one-half inches in diameter, and thaso were roweldod nnd tho 
balxiatlc limit re-etstablished, which wgs somewbore between 90 
and 95 par cant." 

A t  tho time of this  meeting there were no Ordnance Department specif ica- 
tionsr for welding of armor in existonce rd though Rock Island Arsenal had 
proviouely proparad n $ontn t iv~  .spocif icat ion for tho procuremont of 
orle waldad tuxrat on mn experimontd basis, Standard mothfide of bal- 
l i s  t i c  tosting weldments or other  types of armr ~ t r u c t u r e s  hAd not y e t  
beon developed, Thus fabricators attempting t o  dovelop woldting p ~ o -  
ccdurea and train pereonnol hFLd no r~cognized shhdard pe thod of a o w  
paring and evaluating resul t b  This problem of spocif icfitinn had 
qualfffcntSon taeting of  walde in armor was of primary importance and 
was dirrcuesod at length, 

Mr. Libert, OnntEnont~l R011 and S t &  Foundry bman~,  emphasized 
the need f of a standnrd toert for wsld repair; of a-hak castings as 
follows: 



ItThat point i s  i a  the gpecificatfona, that t h q  can be 
welded by a quaJifisd method. In order for our method to be  
qualif ied,  we have to have some standard to go by, to  submit 
qualff ications. On a small plate, on the first one, we didn't 
weld all the w a y  through. In a ther words, we assumed t h t  was 

. the deepest crack we could get, and cut it out at that dimen- . 
s ion ,  welded i t  up and shocked i t ,  In, other t e s t s ,  we welded 
two plates together, so you got a ballf stic lirnf t on the COP 
plete weld. What I want to know is, w h a t  type of t e s t  are we 
going t o  have to  eubrnit t o  q d i f y  i n  our spacfficntions,  so 
that any of th is  development work we are doing umi be used in- 
telligently after f t is all f fniahed? " 

With regard to  the question as t o  whether the t e s t  should be made of 
a flat t e s t  plate  or a welded structure the %.vy viewpoint was sug- 
ges tad by Lt Watts, Bureau of Ships: 

'tAatually, our problem is a l i t t l e  d i f f  eront* Our atruc- 
turss  are all incorporated into the basf c structure of the ahip. 
They area1 t isolated strzlcturos i n  thsmsalves. So that it would 
be r ~ t h o r  di f f i cu l t  for us t o  &e b t e a t  of the structure as 
it is f i d l y  campletad," 

The thought that structux~l serviccerbility rnthor than ballistic sor- 
viceabil i ty  is more important was-suggested by Mr. Sibloy 
Disston and Sons): 

"1 don't think it is necessary t o  m ~ l d  8 structure so 
far aa the bal l i s t ic  t e s t a  are concerned* I t  is not necessary 
to fabricate tho test plnte into B box or structural thing, bo-. 
cauae tho attack f s so rapid ,ad impact i s  absorbed so rapidly 
by the plate  that the other Joints are not affected. I do not 
thi& the ba l l i s t i c  angle fe very important at allp Ye almost 
have i t  lickad# What wo are  afraid of are the vibrational 
faligues, the running fatigues, which we know nothing about. 
A8 far as we are concerned, we believe soma of the practices 
we have used do harm a5 far as the weld i s  coscsrnod struc- 
turally. Wo don't know that, but I think tho stmeturd. awl8 
is a most v i ta l  one. Thnt  is the  b i g  problem." 

MECJor McInorney~t~~ted  tho immediate specification problem as follows: 
"Thore are two immediate probleme f o r  ue to  solve,  f 

told you th i s  morning tht wo have decided we would weld our 
turrets for  the l i ght  tanks. That, naceesarily, means that 

. we must get out a specification or  some moans of testing, to 
see that'we are getting w h a t  we want. In addition t o  that, we 
have decided to  w e  cast stPuctures. In those structuxoe, we 
will have tb do a certain amount of welding. How much welding 
we w i l l  do and how t o  t e s t ;  those are two immediate probleme 
that must be solved in tho form of tz specification." 

A proposd- f.or a penetration t e s t  was mde by Mr. Rouse: 
nH~re. is w k t  I w i l l  o f f e r  i n  the w a y  of a penelpation 

t es t .  I think we can probably go a l i t t l o  b i t  better and eny 



ninety per cent of the specification for the plate. The ww 
we go about that is that we actually should not be requ5red t o  
get a ballistic limlt, but t o  ao this. Put ten shots in an area 
m d  they w i l l  be an inch and a hlf t o  two,inches from the weld 
at  ninew per cent of the epecif icatioh valoci ty. Three o f  those 
shots m u s t  be within an wee thres-quarters of en inch froan the 
center of the weld* If we get  ho penetration, then that veld 
is acceptable. " 

With reference to the form o f  t e a t  weldmont t o  use, Mr. Warner ra5sed 
the question: 

"Is a t e s t  of a flat jo in t ,  in a piece of flat plnte, 
naca~~sari ly a praof that the weld procedure is a satisfactory 
one f o r  the building of a turret o r  a structure of some sort? 
In other words, in a single Joint ,  you don' t gat the atressss 
s e t  up, 'it seems to ma, that you do wban you csome t o  put a 
structure togother of this k d  tempe#ed matorial. X shbuld 
think that the proof of a procedure shovld require the Wilding 
of some structure of some kind, l i k e  a box of a certnin mini- 
size, and then fire et that, ns Mr. Rouse states, not lor peno- 
trrttion, but for resistnnco against vibration md shbck. In 
other words, give it  a bump t e s t . "  

Mr. &ery objected t o  tho idea of using a stmdtwal specimen instocd 
of a flat plate spseimon with the following camrnant: 

' I f  don't think a box in i tse l f  would give ;you that. The 
mere fact  that you ~ R V O  a SqILars box shows thzt y6ur sfresaes 
are dl, more or l e a s ,  related. I rather l i k e  tho f l a t  plate . 
idea, with an Xweld. Tho t w o  outsidc welds are mcza first, and 
then the l o g  of the "HR p l ~ c e d  mross the center. Now, if there 
is any \ g a y  of confihing more stresses Lo plate than 'that; I would 
l ike to find out4 I think that would answer Mr. Warner's ques- 
t i on  ragarding stresses, more nenrly than any other form o f  
g t r ~ ~ t ~ ~ ~ r l '  

It was considorod that the problem of repair 'of castings is s s~psrato 
and dia t inc  t problem from that of f a b r i c ~ t i n g  a velded structure of 
mrnox' by reason of tho fallowing poizlt suggested by Mr. UQraf: 

"1 think one point hns been overlooked or wnenl t mentioned, 
and that is the fact t b t  in repair welding, the strains of 
welding would be probably entirely relieved by subssquent heat 
treatment, whereae in fabrication work, that would be impossible." 

The discussion of and stra& relieving indicated that the 
armor casting producePo aha plnte fabricrttorpl did not dosire t o  bo 
tied down t o o  definitely by specifications ns indicated by &. Wmo: 

"After aJ1, you w ~ n t  thes,o things built quickly, and we 
should l o o k  toward n welding pracoduro that will require 
subsequent heat treatment, if poestblc. 1 think that l a  the 
direction in which our  work should be pointed. Therefore, I 



would l i k e  t o  nay again that if t h i s  Cbrmmittee ie golag to  carry 
on and develop metal work, this ought  t o  be Blong the l ines  that 
w i l l  permit m i n i m u m  di f f icul t ies  i n  getting these things built 
in the minimum amount of time. It 

The sentiment indicated by. Mr. Rayrm appeared in keeping with the spirit 
of the meeting* I t  WE evident t ha t  lack of production experience la 
fabricating armor weldmenta prevented agreement on establlahing standard 
practices with reapeat t o  welding of armor plate structures or repair 
of armor uastfng~ by welding at this  timer 

With respect t o  qualff f cation of welding procedures under specif ice- 
t iona the proposed policy of the Ordnance Department w s  indioated by 
Col, Ritchle: 

"1 think that we w i l l  propose t o  oontinue our present 
proaedure; that ic, t e s t  plates welded together for structuroe, 
and also for qualification purposes for tho cast people md for 
repair purposes, Howevet, in the Wept t h t  you propoae to w e l d  
~t two d i f f ~ r e n t  stages and .poeeibly wtth two dtfferent types 
of  welds or two different types of rods, two different eamplss 
will have to be submitted. 1 think that wo w i l l  b v o  t o  c o w  
tinue that procedure until tso find something better* % w i l l  
draw up speoificat%ons according t o  the results obtainod at 
Aberdesn, and I believe you all roaliae our  specifications at 
all timcs h e  been fair and have bean tho result of nccurato 
tests. That i s  what I propose tha t  we continue t o  do." 

!The t o s t  arpecimens t o  be proposed wore indicated by lwor McTnerney: 
Itwe w i l l  propose two 1$~36 plates, which w i l l  g i v ~  a3 a 

teot plate 36x36, with ono weld. We w i l l  uao  that, until we 
find out  by aest that something elso is more desirable. In the 
caee of strwturea, we willpmpasa t o  poriodlcally and at dif- 
ferent interval@ tbka a. completed etructure and t o s t  it@ We 
must allVays consider that when we h d  OW riveted and bolted 
structures, we dfdn' t t o s t  them t o  'so8 what, the o f f  icioacy af  
that joint  b 8 .  So, 1 fee l  that we afe heading in the tight 
direction by continuing to proos thf 8 procedura, unlaas  somo 
better prooedura is recomendsd+ If it is the conssnsus of 
this gathering that an "HI1 weld would  lot up stressss which 
would rnoro neaxly duplicate actual conditions, I would give I t  
consideration. 

With referonce t o  the use  of the I'Hl1 plate thore was a confusion of 
ideas as t o  the aignificaace of such a tes t ,  Nono had had any eweri- 
ence with it. 

Major Mcfnernoy comentod; 
"Mr. Chairman, the point  w ~ s  brought up that if we weld rn 

~ ~ 3 6 .  togethor to get a 36x36, we have a plate i n  which there 
is ve* l l t t l e  l lkelihoad of m y  r e e i d u l  stress, which probably 



does not simulate the conditions thtt we get whep we weld a 
number of sections together t o  mAke f i  built-EJI turret. Mrr 
Etnery beliaves thht tho beat proof as t o  whether we, are gerttfw 
rosidud streasas in thir structure is t o  make $ t e s t  p la te  of 
this  nature3 and, l e t  us aw, if we continued our 36 x 36, you 
would havs fou r  plates of different sizes whioh would make that 
particular dimension. 

To which Mr. E$Inry repliod: 
" T h a t  is right. The weld w m l d  be in tho form of an "HI'; 

you make two vmticd welds f irst ,  and then maker the oross bar 
of y o u  l%tl last." 

Mr. Sibley voiced a' comment regarding tho dosirability for testing 
product ion woldments: 

"1  think that you w i l l  still hnvo t o  revert  frijquently t o  
tosting p n r t ~  a f  your final structure, becalzae when you are 
welding hUlls or welding turrets, they go into one position, ~ n d  
possibly the kiad of w e l d i ~ g  you do on an l'H"aint w i l l  be in 
favor of the weld. There may 30 things in ths structure that 
make wdlding rnoro difficult, and they certainly should be proved, 
becauge those a r e  the wolds that are going into action." 

A genere3 cowant on the qualification crf procedure was voiced by 
Col. Jenks! 

!'I see no reason why you should l i m i t  youreelves as t o  
preheating ar stresa relief,. If you are not  going t o  dm%ge 
the mhtorial by preheating and the wolilor Aesires t o  de~010p 
that, method, ttb not let him7 If yon caa s tress-rol$ovo and 
a t i l l  not da any barn t o  the structuree of your plate, w h ~  not 
l e t  him do St? You are n o t  ready t o  standardize on that. You 
must a l l o w  the  fabrictator to  develop individually, at  the prss- 
ont time, until you c m  answer sono of these  question^*" 

The Ordnance hpar tnen t  viewpoint on preheat ruld poothsat of armr 
weldmanta fabricated of rol led plate was indicated by Mqj Mdnornoy: 

" A t  the present time, we ollly approved +he welding 
of turrets; and o u r  t e s t a ,  so far I think, have conclusively. 
indicater? that there are no dm,gerous stsasses sot  up, If there 
wore stresses ~ e t  up fn tho turrets, they would certainly be 
relieved, after being shocked n s  aeverely as we h v e  shocked 
then. I &ontt know how else t o  relieve them. Now, thnt part 
of tho vehfele is not subgected t o  the  s m a  type of stress that 
w i l l  be put on the hull, when you, g c t  weaving hnd warping b ~ 8  
t o  tho tgpe of somice. A turret is not eubjectod t o  that type 
of service, We are cogceraed with the interntsl stroes and 
should it bo EL case of whare n slight shock w o U &  relieve the 
atross, then i t  woulrl crack or frnctura the pla,te, Ae I said, 
we are basing our approval on the fact that in both cases, no 
preheating nnd no subsequent boat treatment were ~oquired. But 
there, again, wo w i l l  possibly not grant o u r  etpproval." 



=ee!il 
In rsspofige t o  a question as to whether the Ordnwce bepartmeat woad 
preecribe the t~tge of joint in a welding speclffcation k~. McIneraey 
replied: 

"We are only interested in the ballistics, If one man cas 
get the same ball1 sties by one j o i n t ,  and another man can get 
it  by anothel' j o i n t ,  I d o n l t  think it should b~ up to us to pre- 

' 

scribe the method, unless we have definitely found out aa the 
result of  a number o f  tests  that one particular joint bas much 
more merit than others." 

In the ensuing diecussion of methods of +liOing welding pmcedura 
and limits on repeira for cast armor ft'waa brought out that somat 
stendard would hrnre t o  be establishad for the amount of repairing 
of  a e t $ z g e  whi& would be permfttsd. This s tandard will boa to 
be dictated by experience, S t ~ a t o g i c  conmidgratibns did not enter 
theae dircussf ons. 

I t  was auggeatod by Mrq Sibley that the $hock t e s t  should n o t  be made 
of the same test plater used t o  determine the ba l l i$ t i c  limit for peno- 
trstfon. !Chis method w i l l  requiro two t e s t  platss for each welding 
procedure t o  be tested. 

There was agreement as to the use of the prate for the shock t e a t  
in qualification of welding procedure and i n  addition oortcia pro- 
duction check terting may be roquirod aa indicaesd by Wj. MeInerney: 

ItThat is corre09. In other words, we might tdke one 
out of the first twcnv-five, or two out of the first twenty- 
f ive;  but, we will requirs a captain number, the a m o  ne we 
do in castings, t o  sae that tho manufacturer of the turret 
is doing what he, did do in tho t e s t  plate. We w i l l  put that 
i n  the specif$cstiona," 

This thinking f nvolved the production of welded turrets orily. Whether 
th is  policy would &so involve welded hulls as well was not indicated 
at this time. 

The suggestion that all t e s t  plates nnd test weldmanta ehould be 
X-rwed before bal l fa tkc  shock t e s t  wls made @ Dr. Leeter: 

"In r e g u d  to' that, I would l i k e  t o  aay thfe, I think 
we ought t o  X-rq every one of these bafora t h q  m e  shocked," 

Qhere appeared t o  be general agreament that for tort purposas and 
accumulation of ate. &regring of taef specimens should be done but 
the problem of latk of equipment l i m i t s  tho extent of use of thfe 
method at thfs tim& A plea t o  give the fabrimtor a fres hand in 
dweloping h i s  welding methods wae made Mr. M i l l e r :  

'1 would like t o  say before thio committee that w h a t -  
ever we do along this line, we should,all keep in mind not 
t o  tie the manufacturer down t o o  t ight ly .  I w o a d  l i k e  t o  
see production gotten out. If you got7  t o o  much theory and 



- * 
and too much tachhicality in the performanee, gou won't get 
tanks. I have always f igursd that something was better than 
nothing, I wotildnlt l i k e  t o  see too Wch detsil .  We have 
t o  m k e  too many X-reye aud mg~dXuxinga.~' 

The empha~,ia on prodwtion of armor welaments was indicated b1. 
Bit#ie: 

"I am sure we &n't disagree with you on that. Alao, 
as a matter of safety t o  the manufactwer, as well as t o  
the national defense, we w a n t  t o  insure that adequate t e s t s  
slra put fa so that when this  rmterid gets into service, 
i t  w i l l  stand upe We should not, however, BB you say, put 
anything i a  the IUW of production, providing we t e n  safe- 
ly insure the o1;her end* At the same time, while we are 
going &OR& with production, 1 believo it is highly desif- 
able to puhih resenrch and bmolopment, pnralleling that, 
but not letting rasenrch and development handioap produc- 
t ion and have producttian wait until we asaide rome tech- 
nicality~ we have t o  W e  daCieion and go ahead on ow 
beet Ju@neat, with the dafeguaras that cnq be put In tha 
pfetur~ at tho time. we m t  have pr~ductioa.~ 

A suggestion w ~ . e  d a  by Mr, Rouse regasding the two t e s t  platear td 
be furnish~d f o r  b d l i a t f c  test for oaeh procedure qualificatioll: 

"I *as goiw t o  suggent if we furnish two plestes, .orre 
of them of the straight wold, and the o t h r  th "H" typo 
weld, f o r  the shoc!k t e s t  only, that would be satisfactorye" 

This was unanimously agreed upon. 

The genaral poli&y as to scopo of the proposed specificntfon f o r  weld- 
ing armor waa sumwized by Col* Rftchfo: 

"We don' t want to  do any thing that W i l l  compl i c ~ f t e  
this picturo in any w a y ,  shape or form. We w i l l  mak0 the 
welding speoifications complato in them~elvea, Put in w h a t  
we agree is necaBsary and ymsonabie, and let P t  stand on 
it8 own f e o t ,  without having refsrenca t o  the o a e r  one 
~%31,\ which epplied t o  another type of weldingb structural 
steel. 

The thicknesses t o  be used for qu~lifleatlon of . w o l d i w  procedura far 
rolled errmor p l ~ t e  were indicatdd ly Colr Ritchie: 

It% havu set t led  the thichess of tho plate for the 
face-hardened, which will be a quaitar of an inch and an 
inch, and for the honogepeaus plato ,  I 'thfnk wo can use tho 
same thicknesses as are used in tho apecifimtfon which is 
us-4gg. " 

For cast  armof plnto Maj, McInorney auggsslod: * 10n thin, cnst plate ,  wa w i l l .  st911 require the same 
thicknesses ns are required by kllt6493. We w i l l ,  under dl 



of  tbase t e s t a  of plEtur require n a t ra igk t  wc1.d for resist- 
ance t o  ahock." 

From these discussions i t  tans anparent thnt  the  s p e c i f i c p - t i o n  f o r  wold- 
ing o f  armor t o  bo prq3~xed by !Jn,tartotm Arsen~l Lc,boratory wns t o  
i nc lude  roquiremants f o r  q u n l i f i c n t i o n  of weldiw procedure, b a l l i s t i c  
t e s t i n g  and inspection of welch P,S indfcated above. A draft of the 
snecifice.tion w i l l  be sen t  out for  comment ns i n d i c ~ t o d  by Col .  Ritchie: 

"It io mlderstood, thon, gentlomen, t h ~ t  we will at- 
tovt t o  d r d t  this specification ns p r o q t l y  possible, 
md n f t e r  it has beon coordinated with the people %n tho 
service, or while we a r o  doing t h n t  coord innt ing ,  we will 
send oopios o u t  f o p  your comment and discussion 2nd np- 
pr oval. I' 

' t i th respect t o  chafrmnaahip of tho Subcommittoe, tho problem was out- 
lined by Col. Ritchfc: 

"Now, as to the C h ~ , i r m  of the group, theso &~bcolil- 
m i t t a e s  b v a  baen organized in the Ordmmco Department and, i n  
mny cnsos, the  Chairman of the group is w e d  by industry or 
the nom'bcrs oatsida of thc service orgnnizatlon, f r o m  one of 
thsir own group. I uould l i k e  t o  hrxa tho f o e l i n g  of thc group 
with respect t o  t h ~ ~ t  !.?c ~ V C  l ~ ~ d  casee where tho Chaifc 
mcn is nmod fron tho SePvice, but tte 1~ould. l ike  t o  hnve the 
industri~J people consider riming tho Ciw,irzisn from t h a i r  own 
group. 'fa a very nice  i l lus t ra t ion  d9 one phme of  t h a t  
i n  our preaent ens t  nrmor group,  l'fe b v e  $ Cnst  Armor Subcow 
rnittec, and tho Chairmm has t o  be i n  IVtt~rtovn, 5ut tho group 
i t s e l f  is orgnnized into z Cnat k ~ . o r  Devalopmont Group, which 
function8 nicely ns E unit and t i e s  in with the  grow rzs a 
tshole, as isell ;.,s the Service repreaontntives. it 

301. Ritchie  wns nornimted kg Mr. Idiller: 
"In vicrr of the f a c t  thnt f o u r  o r  fi-ro d i f f e r en t  industrial 

groups a r e  represented here, if it is ngreefzble, I should l i k e  
t o  nominate Colonel  Ritchfe, as C h i r n n n  09 this 

This nomination IVRS umnimous~y sndorseA, sad f.t. Col. Ritchie was elected 
Chairman of, the Subconnittee. I t  was decided. t o  hold the next neoting at  
Aberdeen Proving Ground v i t h f n  the next noni;b o r  so, subject to the ~ ~ ~ 1 1  of 
the Chairnab 

A discussion of rcsenrck: ~ , n d  devoloprnent rarork considered desirable in- 
dicated that there was considerable interest i n  10~7 ternpsrature inpact 
tcsting of welded j o i n t s  and thct  work al.ong t h i s  line should be carriad 
on. Tho s i t= - t ion  at Abereeen Proving Ground on low Gemperfitme ballis- 
t i c  ten t ing  was indicztod by 1 h  Rouse: 

"hat h:s been under discussion, but I t  seens t o  me 
there w i l l  bo a l i t t l e  d i s t ~ , n c e  t o  go  y e t .  It is probdlly 
sonething thnt I don' t  knokr a-nytlzing about," 



Some work has been dons at W e t e P k  Arsenal with bsrd'f metale* 
but ballistic results axe incoaaistent. With respect t o  amount of re- 
inforcement and design of jofnt, there was abjection t o  prescribing 
these in a specification, and a feeling that ouch detail8 shodd be 
determined by experimentation was indicated 'by Col. Jenlca: 

''1 think that you should deternine t b t  exparimentdlym 
You may t h r o w  a stress concentration alongside of y o u r  weld. 
If you throw it in the zones k h a t  have bean weakened on ac- 
count of heating, you my have failure alongside of the welds* 
You should determine that exparf mebtally. " 

This viewpoint wag alao voice@ by Mr. Loornio t 
nI believe you w i l l  find &tar p. certain amount of re- 

search, certain types of Joints  are more desir~ble than others, 
There are  fundamentals about j o in t  design that should be in- 
corporated in this.'' * 

It was w e e d  to leave the open for future development as in- 
dicated by Col. Ritckie: 

"1 agree that it should be left open. I m thihking how 
we could assimilate &s rfipidly as poersible data pertaining t o  
it, for uhls on future orders, as soon a e  Po8sibfe.f' 

The size of  the membership of the Subcommittee was discussed and sug- 
gestions were made ~egmding the addition of ropresentativeB of com- 
panies engaged in d~elopment  work in the welding of armor. The guiding 
thought in selecting thoae who were invited t o  this meeting we3 explained 
by Col. Rftchis RS followa: 

aThis group was baecd on those who h v e  had oxperfeacs 9n 
some form or another with weldf ng of fixrnor, or who are actually 
engaged right ngw on the walding production, Thore warJ $. 

specific reason f o r  selecting each of tho three welding rod 
manufac%u#ers, The group o f  wclding rod m&mufbcturere was so 
large t b t  we didnt t f e e l  we could bring in any more than a 
few representatives. T h a t  w a s  tho  guiding thought in select- 
ing this i n i t i d  group, t o  gather togother those who h d  a* 
tualiy welded with tho rod, and not  necess~rily involved in 
just the furnishing nf olcctrades, but +tho had some part in 
the welding, or trorkfng with 'us at the moment." 

The Lincoln ZLcctric C o q a t y  was indicated 8s warlr.lrg with ACF, 
Diebold SpTe and Lnck Company, and others ,  so t h t  that campaw was voted 
i n t o  membership, 

In concludirg the discussion C ~ l r  Ritohie summnrieod as i o l l o ~ s i  ,. 

"I s k l l  now turn the mooting Sack to General C ~ s e ,  , Be- . 
fsre 1 do 8 0 ,  axe there any other questions that any of the 
members wish t o  bring up7 I belicve we l e f t  tha next meetifig 
open, Alsn, we s h 1 l  ask the individual f i r m o ,  thrnugh a l e t -  

@ ter f r o m  the proper channels, for. p. placing of the data on the 
table for future work, and we w i l l  proceed with the drawing 



up of the epreif ieatioas now, and submit the draft t o  you 
for further oomeats, and you w i l l  aubmif t o  us any comments 
that you mqr h&ve with re~pect t o  researoh and de~elopmnt.  
We d e o  agreed t b t  low tsmperature teote  should be w r i e d  
out,  and outside of  the mmar plat@ f i e ld ,  we should look 
into the epeoificsrtion, that we h v e  j u s t  diecuseed. WB have 
decided t o  rok Mr. Lincoln t o  becoma r member of *he Sub- 
committee. 

In oontlueion hntsral Case thanked those present f o r  their fa- 
terest and CO-operative attitude on the problem of welding armor d 
-reseed the thought that this 6ubcommittee activity wduld rseult 
in definite ac~omplirhment, 

Lt, 8, A, Nat th~r  acted re Secretary for thie meeting m d  pre- 
w e d  the minutes for distribution t o  those who a8tended. 



S3COND W I N G  
SUBCOMMITIEI ON WXLDIBG OF BRMdR 

21 JdXURT 1941 
dBERCLB;EN PROVING GROWNI] 

The second meeting of  the Subcommitteq was held at Aberdeen 
Proving Ground on 21 January 1941, with 44) persoae in a2tePdand;e from 
the industrial organizations and ~iervfce agencies represented st the 
prwioue meeting, Rspre~entntion f r om the Lincoln mec t r ic  kmp~ 
was also present as noted at the previous meeting. 

Immadiately a f t e r  roll call by Lt. Mp.tthews, w h ~  hnd beon doaigmted 
as secretary, the f i rp  of burath ,  Inc. was .elected t o  membership as 
represented by Mr. G. A. lkurath, who was preerent. 

The moeting wets welcomed by Brigadier General J. B e  %8@, Comnlftnding 
Officer, with the fol lowing opening remarks: 

"The thing that  impresees me most about the work of 
t h i s  committee (I have been looking over tho t~inutss of the 
last meeting) is *the P R C ~  thnt we are going about this mat- 
ter in the right wqy ~ n d .  i t  is certainly grntifying t o  see 
the prbgress compnrad with past years. 1 mention this b e  
cause I know all of you fae l  thnt i t  is dif f icul t  for you to 
asrtve at aanclusioas because you don't have adequate data 
in many cases, but I ask you not  t o  feel discour~ged because 
that is the usuecl condi t ion  as nost of us well know. ye don't 
have the data and thnt is where the Proving Ground comes i n t o  
the picture, as far RS the bal l i s t ic  elements of tho proposi- 
t i o n  are involved. I h e  had quite a number of y e a r a  in the 
prepwa t ion  of specif ica t iona ,  and I know how we had t o  do 9% 
the las t  tirno, We worked in specifications the best  way we 
could, but vhon they go t  out no doubt maw people thought they 
were arbitrary, Thera was no intontion of being arbftmry. 
Those preparing specif icat ions  make them up in the l ight  of in- 
formation they have on Now wo arc preparing specff ications 
and ge t t i ng  the most co,qstent  advice f rom those who are con- 
cerned in tho work ~ n d  it can only come t o  a satisfactory c o w  
elusion if we i r a n  these things out r ight  at the beginning. n 

AB decided at the  first meeting of the Subcowit tee ,  a, tentative 
draft of a specification f o r  welding of armr (US-497) had been pr* 
pared at watertown drsennl under date o f  30 December 1940 and sent out 
t o  those who had sttendad the meeting with the  request that comente 
be prepared f o r  discussion. I t  was planned t h t  this  d r d t  05 a 8 4 9 7  
would be considered at this Aberdeen meeting. 

In his opening r e w k s  at the start  o f  the  discussion, %lone1 Ritchie 
warned thoso present: 

"I would  l i k e  t o  nention at t h i s  t i n e  and qautinn you 
again in respect to the  handling of ' r e s t r i c t ed '  mterial, 
Qr materid of higher c lass i f ica t ion  that night anme into 



your h d s  through Subcommittee activit iee.  We feel t h a t  
special care ohould. be t&#n that t h i s  natsrial does not 
fall i n to  unauthorized hnde," 

In adaition Col. Ritchf e briefly explained the status of the Subcommit tee 
w i t h  respect t o  Ordnaaae 8pecifications as follows: 

I'Bef ore we start the detailed discussion of spec i- 
f fcatfons, I would like to again mention that the nature 
of th i s  Subconmiittee i s  qnly advisory* The decision8 and 
discussion that we might have in thfa group cnnnot, o f  
course, be taken as authority for change of spacificatfona 
which are already approved by the Chief of Ordnance o r  any 
other  change i n  any other aspect or procuhmont in the 
future, withbut fiuthorfty of tho Chief of Ordaance or other 
proper authority. I want t o  m&o that abeolutely clew* 
If we discuse h e w e  of spaoff f ce.tion in this  group, it 
must not bo taken na authority unless, or uhtil, that chavlgo 
has been approved by 0th- propor buthoritieg. f am sure 
there i s  no mfsunderatanding on that point. This Sub- 
committoe is morely advisory in nature t o  o f f e r  rocammenda- 
tiona ." 
I t  was d~afdod to discuss tke draft of the speciffcntfon para- 

graph by perragreiph. As drafted the specif ichtion included covmage 
of both fabrbcation and rerpalP of cnstingo but wag intsnaed t o  apply 
only t o  arc weldf ng. I t w a s  not intendgd t a  .@ply f o rapnlr of d e  
fects in rcrlled pl~te. Mter discussion it wai decided tkQ tho 
quertion of repairs t o  bnsd metal should be covered by the h s o  metal 
specificatlona. Xn th is  draft of the spacfffchtion an attelapt has 
been made to glpeaify the factors of FL welding procedurs as a genstal 
rsauirernent~ Thare vaa consid~rrrble df~cussion as t o  the d~sirnb10 
extant of delineat ion of  t-he various factors specified, 

With respect to wold metal dapoaition Col. Jonks cammentod: 
nYou hnvo 'rneta or beads' I think y o u  ought t o  

have R klZbw1edge of just how thoso b o d s  or I w e w  are laid 
down, whether you are laying them down with a wave or hov 
you w e  laying them down. I think you ought t o  rn a l i t t l e  
more i n t o  datail there, f t dapondaj o n  jut how you loy them 
down. Your heat factor doponds on j u s t  hod you lay thorn 

It was suggostod C h t  thickness of bnaa metal should be considered as 
a factor which W R ~  accapted as indicated by Mr. !Varnsro 

"It oeerns that th3ckneae h a  ormothin$ 64 do with this 
ae C ~ l r  Jonke suggested and he could add thicknopa so it 
ehould wed 'Type, Clfisa, Composition and Thioknere of Ar- 
mor. t "  

An objeotian t o  czosc proscription of welding d e t ~ i l a  was voiced by Mr* - 

Bibber t 
"a order t e  present tho ,pietwo,  I would l l k e  t o  paint 



this out; in welding one of theae tanks we W e  goiag t o  have 
WW different thicknesses ranging from 1/2" to 2-1/2" or 
more, and we are going to  have many different klnaa of joints 
at 'cock-eyed' angles. In many eases the procedure of weld- 
ing thesa w i l l  depend on how the welding is aontrolled ( e o m a  
times it waqs on one side or the other) , and ve have mny 
dif ferent  ty-pes of joints  and. thidcneeaea. 1 d o n ' t  quite 
feel thnt the i n f o r m t i o n  on the gudi f  ication t e s t  should be 
res t r i c t ed  too  much," 

JTr. !%rner commented on this object ion as fol low#: 
"Iiy understpading of t h i s  i n  tfie first place 1s that 

t h i s  list as mentioned by Lt.  Tdntts i s  t o  furnish n 
man basis of underet~nding P,S t o   hat the inspector henns 
~ n d  wk~t the contraator  means by idelding nracedure- Nov, 
14r, Bibber menns d l  sorts of vnriat ions from that* YOU 
can ' t  expect t o  cover everythtng. ? k t  we r x e  concerned 
about is whether the general method is going t o  ~ ~ ~ o r k  o r  not, 
end *re have g o t  to permit cer tn in  vtu"ir5tions from that in 
the construction of tnnlrls. Tie m e  t q r i n p  to educate our 
inspectors a t  7J~.tortoim t o  uao a c e r t n i n  ~ a o u n t  of d i a o ~ o t i o n  
sand common sense nnd try t o  instill t h e  i d e ~ ,  th:ct beo~use n 
l i t t l e  d i f fe ren t  s l ~ e  electrode ,-.nd diff went current ma wed 
thnt he is not t o  throw that Joint out or prevent usage of 
such, The welding engineer should kno~ r something nbout weld- 
ing; if thqy don' t, the cantrnctor  should n o t  hcvo t h a  job*" 

De l inea t ion  of theso fr-ctors v i t h  respect  to sotting aP t o ' l e ~ ~ m c e s  
w ~ s  n o t  a t t emp ted  at t h i s  time becr,use of leak of p r c c t i c ~ ~ l  experience 
i n  product io i l  welding of mmar.  !Tit11 r a s ~ e c t  t a  prehonting and gas cut- 
ting, there appocmcd to be a dosire t o  limit the former but not the la t ter  
ns to scope of application. 

The fundament& iden of qualificntion wcs ercpressed by Mr, T ~ y l o r  @a 
f o l l o r r s :  

"You b-ve no i n t e re s t  in how it vns dona c t  all If 
t he  platas verc gns cut o r  preheated or welded in nny mmnar 
he m~ty choose, it is sll right if it pesses your aceeptnnce 
test. A11 the mllufacturer has to do is to follolqr tha t  same 
method. 'I 

It VC,S suggested by Ijr, %farrier that t h i s  could be t,zken care of i n  tho 
specif f c ~ , t i o n  ns f o l l o t ~ s :  

"I think if tte revise E Z n  on pnge 2 t o  read something 
l i k e  this, 'No fabrication o r  rzpnir  of kreldments or enst- 
i n g g  iiill be permitted except v i t h  veldily: wrocedure as metci- 
f i o d  In n a r n i r a ~ h  E"-2, that may be more sstisfnctory, In 
o t h o r  wor.da, if the  manuf~~cturer or c o n t r ~ c t o r  c-rcanCs to gas 
cut or preheat on a p n r t i c t l a r  typo of mnterlnl, then ho should 
bring those arocesses i n t o  t he  m&irg o f  this qunllf ication t e s t -  



If bal l la t i c  t s s t  ia passed a11 r ight ,  than he should be Per- 
mitted t o  p on with the manufacturing program.'' 

The matter o i  SSmStation of weld reinforcement me diecussed at length. 
The ordnanoe des$gnersl viewpoiat was explained by Ool. Christmas: 

HI %hi& the limit has t o  be made either on the s p c i -  
ficationw or on the drawings, or otherwise you can't be sure 
w h a t  you are putting inaide* I have seen where a 3" r e in f~rce -  
ment has been used, If you do that inside we cannot g e t  ~ u r  
stuff inside. 3" mkae a Iot bP difference inside a tank 
when you have to put in ammunition, o i l  tank, etc., even 1/2" 
makes a difference, IJe ~ V Q  got to know w h a t  those welds 
w i l l  amount t o  or no Will not knaw what wa can put inside of 
i t .  It is Lbeolutely necessary because you can' t  l e t  a m a  
put in any amount of reinforcement and not know nbt  mount 
it i o ,  One af the first quagtions a man wante t o  know in 
laying down a tank is how close  can I coma to th i s  corner, 
can I rest this thEng on the floor? Thsra has to be room 
for wirf ng, machine f nstrumente, turret Piagar, amunit ion, 
etc., and s w e l y  b h s  to know w b t  ha i s  wrking out." 

This was further amplified by Mr. Bibbar: 
nW6f c;re talking about two diffarent things heror 1 

think Colonel Ohristmrzs has ffllets in mind, which is covered 
in the n a t  paragraph, As I understand it, we are talking 
about reinfarcoment on butt wolds. The point has been r a f ~ e d  
here that this  weld metal coste  money. If h a  not boon raised 
quite high enough, It is goihg t o  cost a l o t  mare, and I don1 t 
think any manufacturer will throw i t  away racklssely. fJe 
would only w a n t  a modest reinforcement on our weMs. Raflr  
forcemonte on f i l l e t  weJ,de is decidely undesirable. Wo should 
not be permittad t o  put thorn on." 

A question regarding weld reinforcement on qualific~tion t e s t  plates 
wara raisod by Mr. Warner: 

"1 would l ike  to ask if there would be any obgection to 
qualification of batt welds Mth tho weld ground flush with 
the plats?" 

Thia was commented on by Lt, Reed: 
I think that I could predict an abJection them tha t  

we would  not g e t  91% t o  9756. In determining the dPfference 
between complete e.nd partial penctratione, it make$ quite a 
difference whether tho weld is ground flush or not," 

Upon quest;iohing by Col. Ritchio, Mr. B i s s e l l  outlined the Navy p r a r  
t i c e  as follows: 

nWe covered t h a t  by ~ ~ e c i f ~ i n g l l / j 2 ~  or not  nore t h n  
l/gwmt That is hsnEtledby tho inspectors. As far as apply.. 
fng castings or fittings. I would sw that y o u  woula save time 
by making castings standard and taking your reidorcenant o f f*  
Reinforcementa on the castings add that much more re~istanco 



at that point and we me very much against putting nn ex- 
cessive reinforcements. It I s  bad undor other c i r c u l l s t ~ c e s *  
I would aw your qunl i f icat ion t e s t  ekould demand it tn be 
within the reinforcement cf th i s  l i m i t .  1/32" - l/$" ~ ~ l d  
give you tho tolerance that ynu require. It 

The result of this diacusaicn was the  f n l l o w i n g  wnrding for the p&fpd- 
graph D-2% of the draft of AxS-497 covering reinfmrcenent of 3utt  w e l d ~ !  

"The thickness of a11 reinforcements of butt welds and 
repair welds shall be not lass a m  the percentage of the 
plate thickness used an prouedure qunlif ication test plRteS 
md test castings." 

In add'ition it was decided that limitations required fo r  cl~rtrculces 
should be  placed OK the dr~wi,ngs t o  guide the fnbricntor in particulm 
cases. 

The question of repairs t o  castings was disposod of as suggestea 'lsy Col* 
Ritchfa: 

"The queatton hot< &rises should wo put repair  in th i s  
specification o r  in the casting spacif ics t ion;  ~ l s o ,  the mat- 
t e r  is up a s  t o  whether or not this specff i c a t i o n  h ~ ,  or v f l l  
adequately caver the  type of repair in question. I thinlr f t  
is the f o e l i n g  of the group that we nro ent i re ly  in the air. 
P e r b p s  we should refer this nL,ttor of r emi r ing  c ~ ~ t i n g a  t o  
oar Subcommittee here today, who probably do no t  know the 
position on cast armor. Mr. Haall ton is Chairmn sf the Cast 
Armor Group, which includes a l l  of the Cnst Armor Submembers, 
and, if ageeab le  t o  you md in order t o  exped.ite mattors on 
this, I w o u l d  l i k e  to re fer  that  matter t o  the Cast Armor 
Group and ask that they give us a dra f t  of a parngrciph or para- 
graphs for i n s e r t i o n  in this dmft, o r  the c ~ s t  armor speci- 
fication itself t o  cover welding on repairs of cast  armor. I1 

There waa considorable discussion of j o i n t  design a d  sizo of f i l l e t s  
t o  be used with groove welds,  It was genors l lx  figreed that all fil- 
l e t  welded J o i n t s  should be full penetration weldo. With reference 
t o  s i z e  of fillet to use, Mr.  Bfbbor suggested: 

"'Phe Navy is using 1/23 and we recent ly  found it cap- 
able  o f  bending vary strong metnl. It is n better way of 
going about it than picking somethifig out of the air. This 
kppened t o  be mde in one that wcs not grooved out. In a 
graoved-out one I st911 th ink that tho 112-T wouldn't bo pnr- 
titularly bad, and f would have no abjection t o  tht. I 
n o t  t e l l i n g  you specif icsl ly  t o  use 112-T, but I hm suggest- 
ing that you do a l i t t l e  of th i s  t e s t  work which c m  be danc 
with small ssmplos." 

With regard t o  j o i n t  design the viewpoint of tho fabricetcrs was expressed 
by Mr. Bibbcr ns follows: 

"Ti@ would prefos that you laave the design of tho j o i n t  



- 
t o  us, becauae we can obtain the efficiency i n  many different 
ways by different angles. % different earner designs, we can 
obtain the ~ d e  answer i n  many different w ~ s .  It wuld  138-0 
pend on the method of assembly, torch cutting or various other 
factors.  So long as we a t ta in  the rerrulte you want, we believe 
the means of doing it shodd  be left up t o  the fabricator." 

With reference t o  fmposing limitations on the width of heat-affected zone 
of the welded joint in armor, there was considerable discussion as t o  how 
it should be heaswed and what the 13mit should be, One viewpoint was 
sxpressod by Co1. Christmas: 

"I think there should be a def in i te  l i m i t  on the zone: 
that the criteria of the heat-aff ected zone should be M d -  
ness. It is not practicable to determine that ballistically 
t o  great qxtent. I think that tho Brine11 hardness would 
be close enough t o  see how far tho heat affected thc plate .  
There should be a dcf in i t e  limit on that, " 

The fabricators' viewpoint was axpresasd by Mr. Smith, Republfc Steel 
Corporation as f ollowsr 

"You have got t o  qualify these welders to do a high type 
of work, 1 doubt if you b e  sqy satisfactory mothod othor 
than the skill o f  the men you put in there. The qualifications 
will have to  be rigid RS t o  the degree of s k i l l  used. You 
suggea t hardness-+it is po ssible--but only over tho immediate 
area, and even one inch away from that inay be something funda- 
mentally different, I would hfghly r e e k e n d  that you set up 
your qwif icat ions  so  they depend upon the in tegr i ty  of the 
organtzation that is doing it, Lat  the Navy comment on what 
they have done under similar circumstances. They can't take 
their battleships a p ~ r t  to look at them." 

Tho Navy policy waa outlined by &. Bissell:  
"We require that the contractor,  in producing each Jo in t  

he is going t o  use, recnrd his  current, voltage ma speed, The 
wholo procedure, when we start production work, will not devi- 
a t s  from those conditions more than 10% or aomethf r g  l i k e  that- 
He has shown us tvhnt he cfin do. When ho goes i n t o  prnduction, 
if ho follows the sane procedure, we assume that he w i l l  g e t  
the same resulte that he has g i v ~ n  us an the test plate.n 

In c o n n e c t i ~ n  with limits on weld defects the drnft of AXS-497 l i s t e d  
specif fc defects in paragraph IL4 and prescribed t.b,t i n  production welds 
these defects must not exist t o  an extent groator than  that found i n  
qualification test plates. The idea was that prcductian velds need not  
be any more pe'rfect than the condition which qualified in the t e s t  plates. 
This was pointed out by Col. Ritchie: 

n17e didn't w a n t  to be toc  severe. If the sample passed 
the ballistic qualification test acd that plate had certain 
minor defects i n  it, why should we have mom severe require 
ments in the article itself?" 
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An objection to this principle was voiced by Col. Jsnks: 
"YOU me going t o  ae t  up ~evera l  diffment shop4 and You 

muat have an bbscrlute standard that i s  avlailabla at al l  places. 
You may get on with incnqlste  penetration in some plates with- 
out undue lmrm. I t  seams t o  me yon have g o t  t o  set up a otmIdd 
ard of a genepal nature, and you have got ta  ulse Bone judemeat 
i n  your interpretation of it. What are kmful &efectrrfn 

In the absence of production esperience t o  indicate a bett~r principle, 
the subject wrrs l e f t  for  futuro discussion as experience sccvrmulats4, 

With w s g s c t  t o  guarantees by the fabricator as t o  serviceability o f  
vehicles, Mr. Sibley indicated the v i q n i n t  of the fabricatorst 

nThis business of gumanteas, I think, brings up a 
questidn that some of us might want to comment QP, If thors 
i e  a $uarantoe in effect and the fabricator assume& a certaln 
percentage of the failure, whatever that may be, they mayt af- 
f e c t  the price t o  tho Government. That also r@acts, if it 
aaesn't fai l ,  ao exceae prof i t  whiah he w i l l  nnt want t o  as- 
sum. 'Phat w i l l  maker hitn look bad, Loo, I th ink the Ooverrr 
ment proud be better off if they would assume that risk thew 
selves, People of integrity are going to make theso tanks 
according t o  speeif ikatfon end if t h e  specification is proper, 
it should be a guarantee o f  good welding and good practice. 
A l s o ,  at that stage af the game I think it i a  very difficult 
t 6  say how lo= that runaing test should be until we get into 
more deta i l  of vehicles available t o  make that from act-1 
test." 

f t  was furthsr stated that guarantees as t o  def in i te  m Z a l n u n  mileage 
o r  mini- period af  semice would react t o  the detriment of the kserw 
Bent, Major MaIasrney insisted: 

" T b t  is the guarantee that you w i l l  find for a l l  of 
these vehicles*" 

The subject was left for f d t h e r  consideration $ince it involves s 
matter of Ordnaance policy.  

In connection with prescription of a l i m i t  on jotnt f it-rxp, Ms. Bibbsr 
voiced an objeotian: 

"I would like t o  bring up a point on G8b. I t  s a y s ,  
Soparation of edges f o r  welding and tolemnce thereof ahall 

n o t  be greater than those used in procedure qualification t e s t  
plates. That  is a nice theory, but it ienl t going t o  be ob- 
tained. In fAct, we can make those edges any thickness wo 
want them. When we make a tank with al l  kinds of aocbeyed 
angles and Plane cut edges, they rfmply are mot going t o  cons 
l i k e  the qyalificntion t e s t  plate. If they dn not, we pay the 
penalty. We have t o  put in a l o t  more of elroenaive weld met&!., 



La some respects you would be better  o f f  to  hRve more openlag 
than l ess .  It aeeds to ma thAt something o e h t  t o  be done 
about I d ~ h ' t  think 'it i e r  workable the ~ p ~ r  i f i  18 TUIW. 

I don't thfnk you are gaining anytbeng by hving  I t  the Ww 
it is n0w.I' 

Upon bg Col, Ritchie, Mr. Bibber further stnted: 
"In the making of thees tanks, there a r e  a l l  aorta of 

pecdiiw angle@--the welding is going t o  waq-pull @oms of 
these thing8 quito a little b i t .  Thesa f i t s  m e  not going; 
t o  be as nice as we wmt them t o  be. Now, ~upposs they m e  
not w h a t  t h q  iahould be, Wa hvcs t o  put in mars weld metal. 
It 'iia't frou yyow etaadpoint, so w b  b o o  these 
l i m f  tatfons? I do not thi* this should be inposed on us as 
it s t a d s  now. I doalt think it  is worth i tan  

Mr, Bissall suggested: 
"1 think it shovld be Iaot lese than1 rather than not 

more than,' We have a ~ e r t a I n  design of j o i n t  and in sono 
cases ws do s e t  vp tolerances. 1 thiak if you have a general 
l inerup  of jointa that aro t o  be followed, that have tolerances 
to then, that w f l l  t g k o  care gf it, 1 this thnt 'not l r s a  
than' w f l l  be very much nore sensible and not harmful t o  you. 
We have aansider~sble latitude in the deeign of the joints, 
The whale effort is t o  put in AS P f t t l o  as you can of o x p e w  
eive metal." 

To a suggestiori t h t  a tolerance of 1/16t1 bo pe~rnitted, Mrr Bibbor 
ob jectsd: 

tt1/16* is billy, We put in some very cocbeyed Jointtr. 
From experiencs the fitting is a, very difficult thing, with 
a11 these bovelr and angles going i n  from sweral dtrectiono 
-plus o r  minus 0,D. and even take o f f  tho minua--but I think 
1/16" i a  gust d i ~ l y .  It h i m  g o t  t o  b~ more than that." 

Mr. Bib'ber coatin~iad with respect to a suggestion t k t  l /bn be pew 
mfttcsd3 

nThe taleranees of l/htt thnt you meation might be  A goad 
f lgwr~,  as a s t a r t  o f  aa wrg~tmest, I m fsluctant ts give 
any definite  figure. I do think we ahould definitely not 
have less than s qualification test ,  and then W e  a plus 
and no t  over 114% There sinply h e  got to be a reasonable 
f i#ure ,  You crnflt sit hare and detide they ma g n i q  to 
fit-thoy are not going t o  fit." 

I t  waa oviaent t h t  any l i n f t s t i o n  nf th ie  sort must bo based on 
practical production experience ru~d thrafore cannot be established at 
th is  time. 

With reference t o  requfronents f o r  mininnm limits on penetration rs- 
s i s tuce  of welded j o i n t o ,  sxpsriencs at the Abardsen Rclaiq Ground 
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and the bas f s  for the figwe given in t h e  d s ~ f t  of AXS-497 was ex- 
plained by Mr. Rouse: 

"FJe have eome d a b  but I do not  xernem%~r the figures, 
but I do think the  thinner  plates came up t o  40%. As a 
matter of fact, when this 905 was set t led  upon, cse were 
considering pla tes  of 1" and greater. I don1 t t h i n k  tho 
thinner plate  was taken i n t o  consideration. " 

Mr. Bibber voiced an objectian: 
"1 & o n l t  want to intrude here d l  the time, but 1 pro- 

test against 90%. On certain b a l l i s t i c  t e s t s  we have just 
made the 90$ and t h a t  is all. I tilink it should be l o k l e ~  
than that--I think 85$ would be better t o  attatn consistently 
--go$ is t o o  high." 

This was further amplified by Mr. Siblay: 
"Sometime back we did soma experimenting on 1/4" plate 

--I heven't the figures with ms, but it stiuks in ray mind 
that the ballistics of t h e  1/4" weld a r e  under 90%. 1 think 
the figures were about 605. As the plate gets thinner, the 
type of bullat or s h o t  makes a g e n t  difference. Y o u  g e t  
vrxyfng rcsul ts from caliber , j0--car tain c h w e s  with caliber 
.50. f d o n f t  know whether YO$ tvauld hold on 37 m/m, Mr. Rouse 
has information on t h ~ t ,  but I think 90% has t o  bo revisctd. 
With respect t o  gaugae on p ln t c ,  I do not think wo have onough 
i n f o r m t i o n  to maka that n blanket spncif~cation." 

As .nW result, Major McInerney suggostod a co romisc: 7 Itlie hzva obtained values abov~  90, but it has not bean 
on production. I prosumo wa can ndhare to 8-55 at tha presont 
time and if we find it nuccnsary t o  can change the figuro 
back t o  90%~ 

With referonce t o  thicknesses f o r  qualification, it was s q e r r t a d  
t ha t  the f d r i c o t o r  be permitted t o  q u a l i f y  on the minimum thicknesses 
a c t m l l y  t o  be usod in prodqction rather  than on an mbitretry mininun 
when t h t  arbitrary minimum is not nctually to be used in produc t ion ,  
This will s n t i s f y  tho frhricstors. 

A policy with regard t o  procedmo qualificntion tests was suggested 
by C01r Christmas: 

"I think if you f nilod one of the two snmplos you should 
'oo rcquir~d t o  pass two * Based on a mathomatical s tand~oint ,  
if two samplos are submitted and ona fails and he pRsses the 
other  you don1 t know anything about it, If he pnssee two,  then 
we know 4e is all right." 

A discussion of qualification of nslding operators  with respect t o  
position of woldfng ~76s summarized by Fh. B i s s e l l :  

"By tho American \Veldlng Socioty ho ia qwli f iod for 
waldfng in one position* If hc is q y i l i f i a d  with the seam 



vertical, he is qualified for that pos i t ion  and flat. If he 
is qualif Ped for overhead, he is quallf  ied for overhead, Per- 
tical and flat; however, he must be qualified f o r  the seam 
hor izonta l  in the vertical plate. No other qualification 
qualifies him for that. T h t  is ra*.hr a difficult posftion.t' 

If radiography is used for q.ual i f ica t ion plntes ,  the procedure w i l l  
be in accardRnce with dXS476. Both,X-ray and geunmw. ray procedures are 
included. 

Objection to the limit of ln from the weld for R fair h i t  in the shock 
test was made by Col. Christmas: 

"I think shock t e s t  3'-6b is very hard t o  meet. Do you 
agree with that, Mr, Rouse?" 

This was corroborated by Mr. &use: 
"Within 1" of the weld. With 75 A.P. I dont t think we 

hit over 2" from the.weld." 

Col. Ritchie guggestod that these d o t a i l e  are matters for Ordnance 
personnel t o  straighten out  among themselves. 

The question of qual i f icat ion t e s t i ng  of  production weldments was discussed 
at length* The question as to who would pay  for the cost  of these we'ldments 
was raised by Mr, Miller (A. C.F. ) : 

"1 was just wondering here has anything 'beep s e t  rq, re- 
garding the expense of th i s  performance, If the weld stands 
up under ballistic t e s t  but is d-ed pretty badly, whose ex- 
pense is it?" 

To which Col. Christmas replied: 
"sf the article passas specificatfons and satisfies bal- 

listic requirements, wo would pay for it, That h s  been done 
fn the past," 

This was further amplified by Major McInernoy: 
"I  think in the early stages we will have t o  feel our 

way along and later on considerable of t h i s  w i l l  be eliminated* 
As Colonel Christmas s q r s ,  if tho welatnent is deformed but 
passes the ballistic test, the Government w i l l  pay for it. I 
think a statement to that effect should bo put i n  the specifics- 
tions--that if 8 weldmant passea the  b a l l i s  tic requirement but 
is so deformed in the ballistic, it ahould be paid for by the 
Government, whether used or not." 

This concluded the discussion of the draft of US-497. Reference 
was made by Col. Ritchie t o  a draft of an "~rmor Ifelding Data Sheet," 
which had been sent out since the last meeting for comment. I t  was 
indicated tha t  th i s  hata sheet is to be used In connection with quali- 
fication test platoa and acceptance of weldments for test. The data 



w i l l b e b n d l e d s i t h e r a s c o n f i d e n t f a l o r r s s t r i c t e d .  Theherevere 
no cammente from those present. 

Since the time of thio meeting wa,s taken up by the dietussion 
of the draft of ~5- .497 ,  the opportunity was not afforded t o  consider 
the other items on the Agendm. Col, RitchIe requested comments f r0m 
those present in respect t o  desired research and development work 
which should be undertaken, 

h i n g  the midday adjournment for lunchoon the group was given 
an opportunity t o  ' i n ~ p e c t  several weldod and also rivetod turrots 
and a C R B ~  upper h u l l  which had been repairad by w o l d f ~ ~  Thee0 
structures Lad boen ballist9caLly t e s t e d  with AIP. pro j n c t i l o s  with 
very oncornaging reeulte, It is indicated that weldod arrnor atruc- 
tmss are destined fo r  a very promising future in the War Program* 

f t  was decided that the next meting would bo hold in CZavolnnb 
Ohio, after r aviaed draft of Spocif ica t ion  AXS-497 has beon f s s u ~ d  
nnd in oporation for a t i m ~  so thit some practfc~l exporionco can 
be had with its use. 



The third meeting of the Subcommit tee was held on 20 June 1941, 
at the Hotel Cleveland, neveland, Ohio with 34 persons in attendance 
representing the organizations represented at the last meeting. Mr. 
R. T. Gillet te ,  General Electr ic  Company, was preeent by invitation 
t o  discuss the poss ib i l i t i e s  of s o t  welding armor. The McKap Compaqv, 
electrode manufacturers, and ehe greese coxporatio, ~ m r  ,rocesmrs 
and fabricators, were elected to membership on the kbaommittee. 

Approximately f i v e  (5) months had elapsed since the previous 
meeting of the Subcommit tee in Jnmuy at Aberdeen Proving Ground. 
During this period two M3 medium thnk hul l s  had been fabricated by 
welding, one at hck Island Arsennl and one by the Engineering Y o m d ~  
Company, Youngstown, Ohio. The latter was c~lsriad on under general 
supervision of represent8tives of t ho  Carnegier-Illinois S t  eel COP 
poratfon. Both of those hul l s  wore built t o  dasign made for riveted 
hulls which to some ez ten t  complfcatad the f ~ b r i c ~ t i o n  by wsldiI@. Tho 
success of these two p i l o t  at tempts demonstrated that such fakrlcatfon 
i s  no t  impractical. 

- I t  should be emphasized t b t  these two f n b r i c ~ . t i o n  jobs were 
completed without tho use o f  any suitablo positioning equipment. 
Thut,., d l  welds had ta be nade "in posi t ion"  which o f f  ersd some cow 
pl ica t ions  because the stainless s t a o l ( 1 8 / 8  or 25/20) electrodes 
available commercially were not  of the ",all poai t ion" 'type. 

It was emphasized in connection with the fabrication of these two 
hulls t h t  had suitable jigs and pos i t i on ing  fixtures been available 
appreciable savtngs of timo and manpower could have been made. This 
was to become more a p p ~ r o n t  later as the welding program prograssod. 
Experience in fabricating these two hulle indicated that thq tentative 
draft of 4XS.497 was generally satisfactory. The hull built at  Rock 
Island Arsenal was completed with a mngmese modifiad 18/g (Lincoln 
Armorweld) electrode wherese 25/20 m e  used in the fabrication by the 
Engineering Foundry Company. 

In tho discussion at the aoetiw tho question of continued membership 
of C R S ~  armor representatives on the Subconnittee IJRS considered. 
There were at the prossnt time f o u r  cast armor producers represented 
on the Subcornittee. Colr Ritchie raised tho question ii3 the foXlow- 
i n g  remarks: 

"At  one of our recent neetiage of the Cast Armor Sub- 
committee, the question was raised hs t o  khethop o r  n o t  thw 
would desire t o  continue membership on this Subcommittee. Wra 
have, as you know, four of our cast  armor group as members of 
your walding Subcommittee. I think that is a matter probably 



which wo might well lsnve t o  thoso individuh'le if thoy do- 
sire t o  contime participation, PJRI if ther~i hhvo sufflciont 
fn.tcrcst. Tha =ttcr has beon raised BS t o  whothor it would 
bo advisable t o  have a sepnrato g o u p  for the aetat mmor 
pooplo, dealing more ospoc9dly with the repair of armor o a s G  
ings by woldfng; that is, whothar thore is sufficient business 
that would come under that group t o  justify having a separata 
unit, 1 porsond+ly fee l  thnt the cas t  armor people probably 
would get somathing from these msctings, aspecially when topice 
n r e  Lo be diacusasd in which they intarastad, but the O n l y  

objection I can see to such a procedure is thnt  it does keep 
t h i e  Committee a l i t t l e  large." 

Mr. Gezeliua expressed the f o l l o w i n g  comments: 
"t the Inst meetings, there has becn very l i t t l e  tbnt 

pertained t o  the cast armor manufacturer, and for that reason 
I thought i t  tsaa not only n waste o f  tinio, but it t h i s  
Committoo mbersome. There is no need o f  having a lmgo group 
of observers sitting mound. However, t n d , ~  I noticed that 
subject 3 is a subject which does partain t o  the ca#t armor 
manufacturer directly, and I would suggost fh?t that arrange- 
ment be f lox ib lo ,  If there is anything that p a ~ t s i n s  t o  tho 
cast m o r  manufwcturers, l e t  then appenr nt those meetings, 
If t h e  rant of the meetings hRvo nothing t o  concern them, 1 
see no poin t  in t h o i r  attonding, f imagine that 75$ of tho t l m o  
tho agandet will hnvo nothing of  direct in tesas t  t o  the cast  
armor oanufacturera , " 

This =tter wrts disposed nf by Co1, Ritchie as fallows: 
'At  present, wa have Just  tho four reprosontntivoe. Or?ly 

three are prosont. I beliove if it moets with your approval, 
we can pass it up, and l o t  it stand as is, with theso pooplc 
attonding whsn thoy hwe  topics of istorost, and i f  there is 
suff icient  business that dov010ps Tn Lha f i e l d ,  then wo can 
consf dsr later the c r e ~ t  ion o f  n subgroup to handle it. " 

With roforenco t o  t l ~ a  medium tank hu l l  fabricated at Rock Island Arsenal 
wi th  the Linco ln  Armorwold electrode ( ~ n  modified l g / g ) ,  Mr. v. F. schaitt 
cnn~ented as f o l l o w s :  

lrWo expcriancad very l i t t l e  difficulty in tho actunl fab- 
r icat ing of r o l l u d  homogeneous plate. One nf the fnbricators 
tk3t was involved l?nd very L i t t l e  time avaflabla for the ex- 
perimental wrk t o  be done with ibe electrode thht was used- 
t he  elcctroda was used at tho r ecom~enb t ion  of the mufscturor, 
and w o  had vary l i t t l e  background with th.t. We had t o  dwelop 
this bzckground as wo proceeded with tho  fabricating. Cracking 
in the craters was elimimtsd @ sono variable in the tocbbfque 
of stopping o r  f in i sh ing  up with the stub of the electrode, 
The joining of the a rno r  asttngs  t o  tho rolled plate caused 
some d i f f i cu l ty ,  but only through the fact that tre had very 
l i t t l a  equipment t o  corructly pos i t i on  the walding. We found, 



as we progressed, t h n t  we were able t o  c o n t r o l  n great deal 
of the condit ions bj the proper technique. 'be could desire 
a great deal more accuracy in the siaing of plates, and also 
in the development of the proper joint. We Rssume t k t  most 
of the joints could be made with possibly n 45- t o  a 55-degree 
included Bngle with the normal roo t  of I/$ inch. We found in 
some of the conditions that t - ~ ~ d  been brought out during the 
welding thnt due t o  the improper flame cutting and siziw of 
the plate, we had a wide r o o t  condit ion which required re- 
building or building up of the plate ,  and i t  bad quite a 
variable in it. Through t h i s  condit ion we found that We had 
the poor r o o t  conditions found under %ray exmhatiarls such as 
poor fusion, slag inclusions, and, i n  some cases, cracks that 
did not appear on the surface. These can be very easily rom- 
edicd and eliminated by use of template in tho eizing of the 
plp.tos and exorcising of a l i t t l e  care in conditioning the 
plate f t ee l f  before it is incorporated i n t o  a weldment. % 
that f mean if thore is e blowout or slGag that is caught un- 
der the cutting torch aEd has blowa n path through the plate 
itaolf, it should be dressed ug bofore the t h i n g  is fncor- 
porated i n to  tk weld." 

Mr. Tqylor, Lincoln Ilectric Company, added the f ollowlng comments: 
"It seems t o  me that welding of armor plate, at least  

the type of armor that we had, is entirely feasibxe. I be- 
lieve the problorna n r o  no more acute, nrobablg less, t han  
welding on mild a teo l ,  without stress re l iev ing  or heat treat- 
ing af t e w d s .  I was very much pleased with the progress 
which Mr. Schmftt and others hnd made on the welding of  t h i s  
hull. The cracking that Mr. Schmitt referred t o ,  I believe, 
at least in my reports, shows they occurred o n l y  when it was 
badly diluted with the armor plate, and by chnging; t h e  design 
of the joints  and maybe d o i w  additSam1 buttering of the odgas, 
i t  i s  our opinion that th is  w i l l  be entirely eliminated; so o u r  
conclusion is that the  w a l d i l ~  of hulls or turrets, o r  both, is 
a very easy thing t o  g e t  i n t o  immediately. The speed and c o s t ,  
1 believe, should ba mentioned, Our eetimate, with proper fix- 
turos and jigs, is that the Medium Mj hull can be welded in 200 
hours, that is, 200 mrtn hours, which we believe is a tremendous 
saving in cost  and increase in s p e d  in production." 

With reference t o  tho hul l  fabricated by the Engineering Foundry Company, 
Mr. Bibbor commented as fo l lows:  

"Now our experiences in fabricating this tank ware very 
easy, and I think one of  the mast s t r i k i n g  things is  the ease 
with which we were able to do it. I t  i s  m t  a d i f f i cu l t  th ing  
t o  do at el l .  We s t ~ x t e d  with weldors nt the  Youngstown plmt, 
who had never seen a piece of a rmor  plnte in their l i v e s ,  who 
were not qualified under any code, znd who ,had never used n 
stainless steel rod in their l ives, and with four hours of  trafn- 
ing on each welder, we qualified efght welders, We mMe 32 



t e s t  plates, and put them through tho %ray loo$. I bring ou t  
this point  t o  show you w h a t  can be dons in the w ~ y  with proper 
supervision of tr~lned men t o  do th i s  specld, welding. Actually, 
the welding is very easy, nnce they get i n t o  i t .  f w i l l  admit 
that we s tood  r ight  over then. In other wards, the supervision 
was 10Q4b. Every move they made was properly suporvisedl but i t  
shows these things can be done, We didn't have ia single crack 
in our tank anywhere, I would definitely like t o  recommopd that 
none of these p l ~ t e s  be welded balclw 100°F, That is in a sevlne 
a preheat, but I thlnk that is a good plan, That is j u s t  tho 
s m e  thing 8s welding the tank i n  the  sun on a good hot suramerlS 
day, and that w i l l  work nq hardship, and I believe it should be 
dnne, Nlil I believe that in welding aqy castings the casting 
should be preheated. It 

In discussing the qualification of  welding nper~tors under AX-497, 
it wae pointed out t b t  wlth positioning equipment and suitable, Pixtwlas 
about 80$ o f  the welding ~n these hul ls  toad be performed in the down- 
hand position; thus highly ski l led  operators would be roquired f a r  o n l y  
about 20% of  the welding a n  the hull. 

Mr. Brooker proposed a d o t t o d  test plato  for qualification test of 
welding operators. This plate was intendod t o  be restr~ined by a h % a v  
s lab during velding t o  mdke the t e s t  ns severe as posoiblo. Mr. Bibber 
commented as follows: 

"Shell, 1 wnuld l i k e  to make n gonoral comment here. In 
the f irat place, these tanks w i l l  be welded in such n way that 
they w i l l  not  'be locked up. Tho walcling prclcedwobvill not be 
locked up so far as the manufacturi&: and walfl ing ~f the tRnks 
tire concerned. Ynu unn't ,have it lnckcd up in any joint." 

Upon request by Mr, Waxner for commant ,za t o  adoquaq of the qualification 
t e s t  requiriw a single 12" butt welc? as now prescribed hy the curront 
draft of  AXS-497, Mrb Bibbsr commented RS fallnwg: 

"I think that ynux qwlffications ns ynu nnir have them with 
a simple twelve-inch joint &re j u s t  as rmwaable and sensible as 
anything we could ask. I am v e n  well pleased w i t h  your stand 
there, By th i s  plate y o u  h v e  demonstratod that we can make this  
weld. The X-ra$ is a very searching t e s t ,  nnd f think your qmli- 
f i c a t i o n  t e s t  plate using this is fine. I 4nnt t th ink wo could 
ask anything more reasonable than  that." 

Mr. Bibber' s remark about the lack nf restraint ancountered in production 
of welded tank. h d l s  i n  his conment on Mr* Brooker's proposal precipitated 
some discussion in which Lt, Reed ~.sked the following question: 

"lk. Chairman, may 1 ask Mr. Bibber how he c*m weld two- 
inch a m r  pla te  without having nay lcckeil-up stresses. 11 

To which 392r. Bibber replied: 
"1 said no locked-up stresses other  thrtn those that are 

inherent t o  any welding j o i n t .  Any time you weld n thick plate 



you rrre going t o  have certain locked up stresses, but I mean 
that plate, would  be free t o  move so frz;r as external ~eetraint 
1 s C O ~ C  er~ed .  " 

In elaborating further on thin point, Mr, Bibbor indicated that the 
requenco of welding would be so laid out that one member of each joint 

would be free to mover Be further nddad: 
"In ordinary mild steel welding, you h w o  n 60.000 pound 

base metal and you Rave a 70,000 pound weld metal: you hatre a 
35,000 pound yie ld  point  and tho wold m c r t d  can M e  60,000. 
The weld is strongas than the base motal, and it will withstand 
the stress. Tho deformation nust be nbsorbed in the barre metal 
o u t s  id@ 

"In this =nor plate metal, you have the opposite con- 
d i t i o n  in that you will hnvs R very high y ie ld  point outeide rind 
a weaker and tremelldausly nore ductile material in the joint, 
and any giving is going t o  be done in the joint, and the thing 
that enables this r a t o r i d  t o  work is the fact that I t  Ma such 
a tremendous dubtflity. That helpa it in fts locked-up condition 
in the welding of the jo in t .  Now tho proof of this a11 is tbat 
those ballistic j o i n t s  have boon t r ied and worked bsautifully. 
T h t  is the proof. T h a t  hns been done, T h , t  h a  shown t h ~ t  
they a r e  good.' 

Mr. Warner sunnod up tho qunlifica.tion roquironenta of the specificntfon 
AXG-497 as Iollows~ 

"Tho epecificntion intonds that evory i~br ic f i tor  will have 
his procese qualified by the two t e s t s  indicated in the Qpeeci- 
f icnt ion.  T h ~ t  is tho at~nfght butt jo in t  and tho H type of 
epecimen. After the procase procodurQ has baon q W i f f ~ d ,  then 
the qualif icnt ion of  the weldors requires no ballis t i c  test .  
but these twelve-inch butt joints h m o  the sane thickness of 
plate, and m e  welded by the same procadwe that is used in 
Wing tha t w o  p i l o t  or ? r i m y  T J I O C ~ ~ U ~ O  qulif ic~, t ioi l  plcrtes. 
The apecfficntion is quite spacific there, I believe, so i t  is 
necessary for anch fabric8tor to qualify the prooessi and the 
welder qualification based on tbeso butt weld teste." 

In commenting on the prescribed procedwo qualif ication t e s t ,  Mr. 
Schmitt referred t o  a Y-me of t e s t  plats rn fo l l ows :  

"Re havo the Y j o in t ,  welding the legs of tho Y in the 
saquente of olis and two, and the lower  lag  of the Y third, 
which i e  throwing al l  of our locked streesea in this l ~ s t  
joint* By using this  particulm type of j o i n t ,  we have found 
t h t  we have a great doer1 of difficulty in producing & sound 
weld with tho e l a c t ~ a d e s  that are now av&i lab l~ ."  

In the ensuing discussion it W ~ B  brought o u t  t h t  the procedure used in 
preparing the t e s t  plates f o r  procedure qualification should be the sane 
ae  used in production f o r  s i m i l a r  v~alds. lhisj was e q h s i z ~ d  by C o l r  
Ritchie: 

"I believe that is covered fn tho specification. we say 



that you use the samo procedure on the qwlPf i c a t i o n  p l ~ t e s  
F.S you F.TO going t o  use  in proRuction. Thorefore, if you whnt 

t o  flame cut and use it on tho quazifinntion, well  nnd goorim''  

The question of t h e  Y p l ~ t e  vorsus the H p l n t o  f o r  proccrlura 
qualific~tion wns discusoeti at sono length. It wns considered by 
some that locked up s t rosaos  aro  inwftc.blc when voldinq c e r t ~ f  n 
o f  tho M3 acdfm t m l c  hull j o i n t s .  Mr. 9i"nbor pointed out thht  in 
contrast t o  this concept the nustonitfc stairdese steel wold netLd 
(25/20) k-s tremenaous ductility nnd is thareforo cnpable fif deform- 
t i o n  sufficiently t o  endure high stresses withoQt rupture. Thus this 
ty-pc of weld metal is excellent far armor fabricatinn. 

The nethod of procodwe qualification used f o r  prn3uction o f  weldod 
turrets by tho American Car and Fnundry Coqnny was out l ined by Maj9r 
McInorney: 

"A l o n g  t ina  ngo, I ;on1 t rec,dl how long  ago it WRS, 

American C,w and Fowdry Ccnpnlly submittod et welded tur re t .  
T h a t  was before wo h~i! any qf tha spscificatians which we have 
since drawn up. ?!e cnnsidered tho rssults of the t e s t  nf theso 
turrets as bcing t h e i r  A t  tho present time they 
are s t i l l  prnceedinr: slow t5nt line. T b t  is, using tho s m o  
technique t h z t  was used in t h e  wel4ing of thnsc turrsta. Ye 
are f l ing t o  require Amcfic~zn Car c~nd Foundry t o  qual i fy  under 
t h i s  specificnticn.  At the  prcsont timo, t;hay have not. We 
w a n t  t n  lot you know why they hme ~ t ,  and tha t  is becauso 
they actually qutilified ia n tur re t  which st004 up bnllistieal- 
ly and was satisfactnqr, and thay a r e  using, I prosme, tho S ~ O  

technique, the  s m n  welding rnd 3s wns used i n  t h o  qurclificcz- 
t i m  test ,"  

Thcse remarks ware supplomentod by Ms. O s h  as f nl lnws:  
''7Ta have had about t h r a a  or Pqur turrets  dnwn sn far, and 

assent id ly  the procedure hr.5 been tha sme. 'qe mdo a fow of 
t h e  p l ~ t e s  of the j64inch type and ha$ then sho t  with a fen 
different  roas t r 3  try t o  ge f  an idea at first.  ' WQ have g o t  a 
methad. - &'!lether it is the last  a r  t h e  only method, I don" t 
know; but,' we are proliucing turrets. Wo b a l i u a o  they s r o  good 
nnas." 

With reference t o  q u n l i f i m t i o n  of !solding ~vorators,  Mr, W n o  b r o w h t  
out a po in t  as fo l lows :  

"Before l e a v i x  the question a f  497 hcre, I wm.li! l i k a  to 
r ocr?mend thz t  ynu &ve def i n i t a  considerat inn  t o  roduciw the 
nun3or of  specinens requiroct for orerator qua1 if i cu t i an ,  relative 
t o  thickness range6, On our M3 hul l ,  we have plate rawing from 
1/2 inch t o  2 inchoa in thickness. The thickneesee of plate  
involved w i l l  cfiveX the three raniJes se t  q in t h e  specificntionb 
Qualifying in oxact accrrrhnce with the spec i f ica t ion  nocass i t~stos  
specimans being prepnrec? in each t;hickncas r q e ' f n r  each opera- 
t o r  and for ench posi t ion .  I b ~ l i o v e  tht:t - p r epa ra t i~n  of a 
p l ~ t e  of the wmimun thickness t o  be welded is sufficient, and 



would l i k e  t o  recommend that  you give coneideration t o  it. 
"To definitely c i t e  our own experience, at present o u r  

welding a n  oarqple 3k hull i a  confined merely t o  the attach- 
ment of the eplash beadsl t o  the armor. Our Local staff of 
inqsctora  is requiring qualification of operators in accord- 
ance with 497, and really there 1s enough p l ~ t e  on h a d  t o  
build another tank. I don't  believe t b t  any useful. pur$oso 
is baing aerved i n  requiring each operator to qualify on all 
thicknesses of armor, A a W l y  the procedure followed for the 
preparation of a 314 inch thick plate will vary l i t t l e  with 
that which could be follawgd in welding a 1-112 inch thick 
plnte. In pr aring an inch nnd a half thick plnte you pass Y through the 3/ inch thickness range, and on yow ultimntc, 
examination of  the plate,  you a r o  only concerned with radio- 
graphic eoundnoss, and it is our obsorvstian aad exporfence 
that tho man who can weld an inch and a half plato  can c e r  
ta in ly  weld a 1/4 inch thick+plato and R 3/4 inch thick plate, 
Therefoxo, would not  tho preparation of the inch and n half 
plato  suffice for qualification on tho lessor thicknosaos? 
It would certainly cut down On tho quantity of plate that Is 
involved, nnd again, in o u r  awn eaae whers 25 mon a r e  involved, 
really tho quantity of plato roquired is quite Rh appraciablo 
i t ~ m * "  

The i n t e n t  of this nrgument was summarized by Mr. Wnrner ns fo l lows:  
'As tho specif ic~tion roqnircs it now, I think each operator 

would havo to weld three  plates ,  ono i n  each thickness ranee, 
i n  each p o s i t i o n  t o  qunlify. I understLmd your suggestion t h t  
that shou3.d be chnged to only roquire one plato in each posi- 
tion for the maxi- thicknoss t o  be gualifiod and cut the 
amount of plnte  down and the amount of wolding down nt least  
two- thiras 4 

Thzre appoared t o  be agroemant on this principle r~s statod by Mr, 
WRrner on the basis of Mr. Ilaymo' s argum~nt .  

Upon request o f  C01r Rltchie, Mr. Chylo diecussed tho subject of flash 
wolding of armor plate ~s fo l lowe;  

"We have mnde eomo f l a sk  welding tests of rolled and cast 
armor. hr t e s t a  indicated a very good wold o b t ~ i n e d  t h t  w a y ,  
Flash welding is Limited t o  smaller s e c t i o n s ,  but i t  can be usod 
POT ~ucceesfuJ.1~ on armor plate. fVe beliove it i a  faasiblo on 
era11 parts, and for large sections you would have to build 
enormous machines to do that work, but on small sections it looks 
feaaibler We mde s number of joint  t ens i l e  t e s t s  and i t  is 
feasible there. Tha tensi le  w a s  not disturbed as far RS m a k i n g  
a gnod bond t e s t  on t-bt, That i s  rasistmco flash welding.'' 

In anewer t o  a quostion as t o  how largo a section it is foasible t o  
f lash  weld, Ms. Chylb replied: 

"Well, that &pends.enti,rcly on the capacity n f  your To- 
eistance welding transfarmors, I think t,kt two inches thick w t o  



- 
for*-eight inches in length can be flash welded satisfactorily. II 

Limitations were suggeatad by Mr. Chyle as fall.ows: " think the process is Limited t o  a butt Joint rather than 
a butt joint at an angle. T h a t  is the butt j o i n t  at the same 
plane. Our t e e t s  were made chiefly t o  determine whether n f lash 
weld would be satisfactory in armor plate and our t e s t  indicated 
that it could be done." 

Upon request of kl. Rltchie, Mr. G i l l o t t e  discussed apot welding ae 
f o110ws: 

"1 believe there must be mag places where we could use 
s p o t  velding, particularly th is  so-called pul.sation method of 
spot  welding for W i n g  assemblies m a  parhaps soma of tho mador 
asaomblies of the tnnks, f am hn8Z~apped by not being familiar 
with the dosign of these tanks, and not pnrticulmly f a i l i ~  
with the material. Based on ewerfence with other  materkiXLs, 
using the pulsatiop method of  spot welding, we have vary suc- 
cossfnlly spot  welded up t o  two pieces of one-inch material. In 
other cases, a piece of half-inch thicknos8 wsk: welded t o  a 
piece two-and-a-klf inches thickr There are stractures of that 
type, and pnrticularly wnere thsre ".re multiple thicknossos of 
3/g or 112 inch that can be w'elded satisfactorily 13. t h i s  method. 

"Tha queatian of eqipment ~,vrzi lal~i l i  t y  is not too serious,  
I think, f o r  work of that type; resistance wclding oquipmont could 
bo builb ih s ix  weeks or lass.  As far f is  equipment being avail- 
able et the prosent time in tho vnrioua rnnnufactwfng concorns, 
I don' t know if there i~ any equi~rnont hcnvy enoug&. Wo h~-vo 
two or three pieces of oquipment dorm thcro wold iw  u]> t o  two 
pieces on one-inch quite anti sfactorily. Wa hnPo satisf nctor i ly  
weldad two p i  ecas of one inch, not in armor, Wa he.vo had no 
e q e r i c n c o  in armor ~ 1 ~ t e  nt dl. f%'othar t h i s  Pnco hardening 
material could be weldad o r  aot, 'B think that might be welded, 
part icularly if the two softer faces could bo brought togather. 
I: ~ V O  CiIe job in mind where we actually wolded FI piece of  half- 
inch on each side of a pfeco of four-,and-a-half inchas thick,  
1 t was r0~~11y a butt strap job you might sny." 

On0 viawpoint of  tha problem of spot weldad armor was outlined %y Ms. 
??anar  aa f o l l o w s  : 

" In  spot welding armor togethor i n  thu tempered condit ion,  
you have got a situation which I s  entiroly d i f f e r a n t  from w - b t  
you have when you spot weld together t w o  pieces of structural 
steel .  Tho homogeneous armor plata as wo know it todw, I t  is 
eomowhcre around 40 or 50 palnts of carbon, the hardness in the 
spot aftax it is mde, oven with a, puls~ting type of e-oot wharc 
we give i t  threa shots of f ive cyc les  ench or something l i k e  
that, y o u  w i l l  have a hardness in t h a t  spot area of 700 t o  800 

a B r i n e l l ,  it is t he  hardness of tool s too l . .  You a80 will have 
fine gra in  cracks 90 th?t apot arm* Thero is no w a ~ r  that I 



know of that you can get away f r o m  those cracks, because of the 
rapidity with which they fomn, even by an annealing operation. 
In face-hardened armor, we have a sample of one of the first 
samples we have tried so far--you are able t o  spot it all right, 
but the spot i tse l f  separates very resdily by pull ing the slug 
out of the angle, the low carbon angle, or pulling R piece out 
o f  the armor, after a few impacts of 30 caliber; in t h a t  case 
f t was q u a r t e ~ i n c h  face-hardened plate, 

"Now if you a r e  g o i n g  t o  1a.p two pieces of fnce-hardened 
armor and spot wela them you have got n layer of high carbon 
atse l  with a hardn~ss t o  start of somewhere around 550 or 600 
Brfnell, ag~inet n lrryer of steel which is low carbon, 0.20 
c ~ r b o n  but which has a hardneas of 450 Brinell, and those two 
just simply donr t cstick together; Lhej w i l l  weld, you can fuse 
them together, but the bond is so br i t t l e ,  it is l i k e  a piece 
of glass. So i t  seems t o  ma t h e  mat sensible d l - a r o u n d  method 
of considering the  pot welding method RS npplied to armor is 
t o  use avi l iary  connscting pieces, spot weld i t  on the armor 
before it is treated, and fabricate your ptwts for assembly af- 
ter heat treatmontb 'Pht add8 certain complicatfons t o  the 
heat-treatment process, I real ize ,  but 3 think those coqlfca- 
tions Can be overcorno, and I think that primarily the  pat 
welding operation will be very advantageous for attaching armor 
to aircraft structures end s o  forth, putting on cl ips  which can 
be used to bolt the armor onto the aircraft structure." 

The practicqbility of epot welding tank hulls on 8 production basis m e  
discussea by Mr, Bibber as follows: " am goi@ to confine q rcnmks to homogensous nrmor 

and tho buf$ding of tanka  only ,  Now even granting t h t  they 
can make EI gucceseful spot weld in this material, which f very, 
very seriously doubt, in thicknesses we are talking about, one 
of the pr ina lpd  jobs would be one and n half inch t o  two inch 
o r  to' something else.  &en assuming that thay can make a wold 
which would take a ballistic t o a t ,  which I say I doubt very, 
very much, you are goihg t o  introduce applicatiofis in your 
tank design which we 3ave got ten  away f rom very beautifully 
with fusion welding. So far as 1 am c&ncsrneb, so far a8 my 
company is concornod, we have no m e  t o  grind. If you want 
s tee l  t o  be spot welded, it is okay wfth us, If ycu want  t o  
fusion weld, it is ok%v w i t h  us, too, But you aro g o i n g  back 
t o  the butt straps; now the j o i n t  efficlency that you can g e t  
between a piece of inch and a half armor, having a t ens i l e  
strength we w i l l  any of 1LK),000 pounds per sqwlre f nch Joined 
t c  A butt strap by a spacing, 1 don't care how close you put 
them, you are going t o  wind up v r t h  a stntic efficiency n f  105 
o r  15% mnybe, which is very poor. ThPtt is just straight static 
tension. 

''Wo~a! we can give you 65& and mra s t a t l c  efficiency with 



with this metal-arc weld metal and there are very few butt 
j o i n t s  i n  the job. They are mostly a l l  corner joints ,  men 
you have t o  put these butt straps in, they are at theas odd 
angles. I f  you dont$ use the angle, then you use a bar t o  
weld the  plates onfa. These bars are going t o  be at  odd angles 
and they aze  not gaixg t o  f i t  as nicely as you want to, and this 
spot welding machine has t o  coma in hero with big arms and h e a v  
pressure t o  pull those things together and you are not squeezing 
together  l i t t l e  picces  of 3/16 inch matorial, This i s  heavy 
stuff, and it is not  mild s tee l  ei ther ,  Aside f rom complicating 
the  design, you are going t o  put those straps b~ck in thero and 
yo% a r e  going to jump the weight up. It is  by alfmination of 
these straps that we b,vo beon able to knock sovord thousand 
pounds off the weight of thcso tank8, a thing you desire.  Per- 
fectly fraribcly Expeakf ng, f rom w h ~ t  I know of the situation as of 
today, it looks very, very impractical t o  ma t o  talk about spot 
walding tanka." 

l o  which Mr. Gi l lo t t e  replied: 
"I think in eomo way Mr. Bibbcr is right.  I don't th i& 

you w i l l  ever makc a complets spot welded tank, hut thoro mo 
undoubtedly auxiliary structures on this tank mid sono nssomblies 
that can bo satisfactorily spot welded. I roalizo we havc g o t  t o  
study this thing f r o m  a mctallurgic~,l  standpoint, You can' t mako 
a spat weld betweon two pieces of stecl which has 100 o r  better 
poin ts  of carbon without soma subsoquont hant traatmont, and g e t  
aww with it; but I s t i l l  bel ievc  t h ~ t  careful study of this  w i l l  
plnce it tfhere it can be used t o  advantage." 

The Ordnnnce viewpoint es t o  application of spot welding was out l ined by 
Col. R i t  chic: 

"lht wa had i n  mind WES t o  gc t  tho g o n e r ~ l  feoling of the 
group. But with respect to applying t h i s  tmc of welding, we 
he.d i n  mind, say scout cars a r  thoso vahicles carrying light 
plate  o r  aircr~cft a rmor ,  materfal of t h n t  kind." 

Tho design problem w w  discgssed 'by Col.  Jenks: 
"Thero is great  dif f icul ty  in t r ansmi t t ing  stresses across 

a resistance spot wcld. Thu f illct weld is something somewhat 
the same as the spot weld in those difficulties t h ~ t  ywt have 
t o  move stresscs around corners. In the fatigue work at the 
University of I l l i n o f s ,  thero has been no design of n f i l l e t  weld 
j o i n t  made y e t  which is reasonably satisfactnxy f o r  tens ion strcss- 
es. Tho eff ic iency is very low. Thcro has beon l i t t l e  or no 
wark done an fatigue strength of spot weldod j o i n t s .  There is 
some w o r k  now thnt is about ready t o  go ahead in the mecauring 
of the fatigue s t r o q t h s  o f  spot welds in aluminum d l n y s  which 
w i l l  give us soma idea of the behavior of spot wolds undor ro- 
peated conditions. I a v n l t  think you we goily; t o  bo successful 
i n  transmitt ing strossoa across theeo spot velds, =and I think if 



your stress waves are  of  high order, you a r o  going t o  break off 
these spot welds, There is more flexibility i n  the rivet because 
the rivct  i s  genorally softer than the plate itself,  and w i l l  
yield some, 'But your spot is hardor, and you are going to have 
a bad stress condition around that spot, I doubt if you a r e  
going to have anp applications, There m a ~ r  be eomo minor ap- 
plications where you cnn got away with spot welding. I think it 
is worthy of imost igat inn,  but I don1 t think there i e  much hopo 
of very nmny appl i~at fons .~ '  

There was some discussion as t o  whethor ropre~ent.ktivos of the 
rcsistance wolding Industrp should be 3.-mited to sit in on tha Sub- 
committee meetings but no definito decision was reach04 on t h i s  point. 

With reference t o  production of welded tanks, Maj. McInornay explained 
tho Ordnance policy ns t o  where tho wolding ~fr\uld be dnnc sad inaicated 
tho dosirability of bavf ng repreaontation from such facilities on the 
Subconmittae: 

"The only comnent which might bo In ornor under that sub- 
j e c t  is that if and when we do go to the =nufacture of tanks 
by welding, that work w i l l  be dnno at tho plants of the people 
now manufacturing tho vchicloe, nnt  at =nor plants, not a t  
welding plants4 Welding w i l l  be done by t h o  mmuf acturor, such 
as AnerEcan C a t  and Foundry, C-hryslor, nr,d on. ThElt n u s t  be 
definitely understood, and I think gradually wo will have t o  
bring than i n to  the picturo in these neat ing~.  If wo &re going 
t o  do that type of nmufrzcture, than thoy shnuld have represabt- 
atfvcs attending theso nootings. A t  loast  nno ongi3cer r e p  
-reaentntive f r om onoh of those firms, I think, ahnulfi attend 
those meatings hereafter. " 

The results cf  ballfstfc tosts  onwolrlod turrets n f  faco-hardened 
armr fabpicated by ACF wero- given by Lt. Reodt 

"Thgy stand up well under ponotr?.tion t e s t s ,  &st of 
our wolding has stood  up well undor panetration tosts, but  
the ahock t e a t s  are rather disappointing. I have noticed that 
d l  f i l l e t  wolds on facehardened armor fail under shnck w i t h -  
out question, On tho turrets, we 2ncorpnratod a high axplosivo 
t a s t ,  and the , g e n t  tendency t o  crack the whole ~trmeture, tho 
whnla turz 'et ,  with high axplcsivea, is soen, not '  nocossarily 
in the v ic in i ty  of f m p h ~ t . ~  

The present concept o f  differoncoa betwoon the p o r f o m c o  of weldoft 
and riveted joints  under n, W l i s t i k  shock loading was nutlinsd by 
Lt. b e d :  

"Ve ib snt fee l  there is gny c o q m i s o n  between riveted 
fabrication and welded fabrication. We say it 'Is nnro of a 
contraet tlmn n conptarfeon, Riveted fabric~tion has so metny 
more hazards t o  tho tank. It I s  truo tht welded fabrication 



does no t  allow flying r ive t  heads and butt straps* When a test 
is mde on a tank w i t h  75 millimeter, the results showed that be- 
fore any penetration had occurre3 In the ts&, rivet heads and 
butt straps bad been thrown around, and would have injured the 
crew. bTe mounted five figure boards i n  the tank and showed that 
those pieces do a t t a i n  high velocity. You might imagine how high 
i t  is if you realize that one of those rivats  from the turret in 
a l i g h t  tank put a half-inch indentation in the  back of face- 
hardened armor plate.  A welded Jo in t  fa i l s  locally. A rivetod 
joint  fails throughout, In other words, if you shock a riveted 
jo int ,  say you have a plate, one single plate ,  and you support it 
on your butt and you hit it, you w i l l  f ind that it is loose  through- 
out from top t o  bottom, whereas o. welded joint w i l l  f a i l  locally 
and w i l l  'be progressive towar& the  unsupported end." 

' Upon question by Mr. Warner as to serviceability of welded turrots ~orsus 
riveted turrote Lt, Reod commented: 

"I would say that a welded structure with tho snme impact 
as a rivoted structure would be far slrperior. Hbwevor, face- 
hardonsd ,armor plate, which composes all but one of t h o  turrets 
we f i r e d  up there from A. C. F., breaks under impact. 1% have 
taken out places that are two feet  in arear But the same t h i x  
hppens  on riveted turrets. Face-hardened armor plate is rather 
impemious t o  suporqui& fuse timing of high e~plosive shells- 
The s m e  projectile w i l l  shock r i v e t  heads off and send them 
f l y ing  atout inside." 

From th is  discussion an fnspcction cri terion was suggested by Gjor 
McI nerney : 

"1 think thc ori ter ioo i n  the  inspection of rivetod atruc- 
turea should be bbsed on the fac tor  of this theory: 1s this 
j o i n t  be t te r  than what we had previously? T h - t  should be t h o  
cr i t e r ion .  &on if n paor wold is b e t t e r  tbri'a riveted j o i c t ,  
it should bo considered accoptablo. Does it afford moro pro- 
tec t ion  than what we had prevfously?" 

Col. Jenks conmefiled as f~llows regarding mothads and puqosos  of inspoc- 
t i an :  

"The failure of n welded J a i r ~ L  in a tank m y  bo due t o  a 
number of causas and thoro is no fnspoctiorr mathod whfch w i l l  
eliminate failure duo t o  sono caus~s, Your first cause 
bo a question of design of your tlieldcd joint, Your next @as4 
t i o n  is whether the wolded joint is c o q o s c d  of a metal of a 
lower unit atrength than your parcut mot&. T h a t  metal with a 
lower wit strength must absorb yow shocks, bo th  the shock from 
fatigue and the  shocks from tha irpact. And the queation of 
desigr? of that J o l n t ,  that is, the  engineering of that J n i u t ,  is 
important aa far RS failure goes. Now tho question is what might 
have caused fn i lura  nf t e r  the doaim of the tank ~ R B  been fixed, 
and the  main t h i n g  that will cause failure are stress raisere, 



Now 1 wof i r t  refer t o  the internal stresses because that is BOm0- 
thing that is a question of engineering and n o t  the  question of 
the  i n s p e c t i ~ n  of t h e  weld itself* But for the inspection of 
the weld itself, there is the of eliinination of the 
stress raisers. l o w  the moat important stress raiser is the 
stress ralser at the surface, and the one you are most apt t o  
find, is a crack, and it may be a crator crack or it mey be a 
different type of crack, so your inspection should be such as t o  
eliminate all  cracks fa your welded joint* 

"Now another strese raiser which is more difficult t o  
find, but that m y  occur, in the case of B welding, and that is 
the incomplete removal of slag in t ho  fusion zono and if you 
leave vory much slag in the fuaion zone, and especially If that 
is anywhoro near tho surface, you may oxpsct a preraaturo f~ i l -  
w e  o f  t h a t  joint due t o  tho slag deposits. Now so far ne the 
elimination of cracks gooe, f don1 t know of any bettor mnthod 
of inepeetion thnn the magnafSux method. So fnr ns those slag 
deposits go, d lux w i l l  fro t pick thoso up reasonably, and tho 
oaly ww t o  f ind  them would bo t o  check up yoursslf once in a 
whflo, by radiographic methods which may not be practical under 
production; but I think you should study mcgmflwr. methods of 
inspoction of welds in tanks." 

The current difficulttee being q a r i a n c o d  by the electrode ~nufacturers 
in obtaining raw matorials f o r  tho 25/20 wolding electrodes woro dia- 
cussed. Mr. Eworta pointed out tho diff icultyr 

agroo with Mr. T q r l o r  tM.t tho chief trouble f s no t  with 
the manufacture of 0 1 ~ ~ t r o d e e .  Thoro is onough procoasing cnpa- ' 

city in tha country t o  procnss enough olcctrodos provided tho 
steel m i l l s  w i l l  give us the necessary mterids t o  W e  the 
clectrodes from. I' 

This point wah also commontad on by Mr. Chylo: 
"Yo hcve hoard of tho stool compnnfos hvfng  trouble JI&- 

i n g  this typo  of electrode, the 25/20 typo, whero tho chrome is 
on tho high sfdo nnd thoro scams to be considernblo dtfficulty 
in obta in ing t h i s  natorial in lnrgc quantities. If the composi- 
t i o n  c o u l d  bo roducod fa chromium and nickel a b i t ,  it woulrt bo 
more s w i l y  obtainable, and I an wondering whothcr thnt could be 
dono. " 

Mr. Taylor, Lincoln Xlectric Compeny, stated that his organization has 
developed an electrodo for welding wmor (Amorweld) which h e  a rw- 
duced nickel  c o ~ t o n t  as fo l l ows :  

"We doveloped R rod tha t  roducod tha nickel content 
to about 40$ of w h a t  hns boon used ~ n d  incronsed the t e n s i l o  t o  
110,0001 from &5,OOO t o  110,000, nnd brought the elongation 
up t o  45% in two inches t o  g e t  I t  mare duct i le  and increase the 
t ens i l e  strength up t o  tho CLtimrttc of the  plates, so t h e  j o i n t  



ef f icf ency would be rnisedb" 

The problem of the steel mills producing tho core ~14ro for the 25/20 
s tn in lesa  ~ti3f.31 ~ l a c t r ~ d e ~  bras but l ined by &. Smith, bpublic  Stee l  
Corporn t i o n ,  #:s f o l l o w s  t 

"1 henrd yestcrQy R thing ehczt v i l l  hnve t o  bs looked st 
criticnlly, The OPlS h ~ o  issued n f la t  order t h ~ t  in the  futuro 
a l l  stainless sh7,ll ho mdo from 60$ scrap. f d o n ' t  know whether 
they =a goiag t o  ca l l  stninlass electradcs s t a ln l e~s  whaft they 
ore wdded i n t o  tanks, ~ ' J B  hchclrs not hr,d OPM1s discussion on that 
prxticulrx paint;  but suf'fica it t o  R P ~  that we h:vtl tha problem 
i n  front of us i n  the ~ t e e l  industry of getti OPM t o  t a l l  us 
whather or not  we are going t o  h ~ v o  rnoro than /p prirn~ry nickel  
in zna. cr,sa thct stainless s toc l  i s  moltbd. 

% 
"No more then b$ of the niclcol c m  kt? ?rim- nickel, 2nd 

beyond th2t the two o t h e r  discussions r-,r~ occurring constantly.  
'Phare is 3, conflict be'ttresn tho  b d l e t  core "ad tho  weldirlg rod 
for the  r o l l i n g  m i l l s ,  ,rind thero i s  n c o i ~ f l f c t  betc~esn tho  t o o l  
s teel  ii1dustr-y the primwy cocging h m e r s  f o r  the reduction 
of the b i l l c t s  from the Pngot to the  prim-xy b i l l e t s ,  I n  o ther  
words, th?-t iS y, short,.,ga of cogging b.nmers. There i s  n short- 
age of ~ r n ~ ~ l l  r 1 i 1 1 9 ~  I don ' t  lrnow where VJO w i l l  fin9,lly and up 
on it, 5,nd I !?r..vc ,!-,sRzd t h i s  subcor~iiittoe of the b e r i c n n  I ron.  
and Steel  Ins t i tu t e ,  ~ h o  renrcscn t  t h x t  v~ork, to go t o  !fq.shin,-- 
ton "?.nil discuss the problem  wit!^ t ! ~ o  irrv znd % ~ ~ , q r ,  &nd I ex- 
pect myself, 7,s soon P,S we lmva some f n i r l y  sound i n f o r m a t i o n ,  
t o  discuss i t  wi th  Mr. 'dhitnoy i n  the  OPld,  ad present  the prob- 
lam t o  him: but, i t  19 ?, sexy complicated ?.nd in~rolrrod problen. 
Sonc montha ago I cp.lled z t t en t i on  t o  &Ipdjor McInerney that  t h e  
c o n f l i c t  batwsen tha  b u l l e t  core ,?.nd the  voiding rod ~UBB p i r g  
t o  nrise, sinply boc~uso of  11ncl: of f n , c i l i t f a s  in the  ww of 
the  snt.Jl' m i l l s  t o  do this ?jrini,ry r o l l i n g ,  I 'donft klmw where 
it w i l l  finnlly end, bec~,use t h i n  0724 order 7sl.s cff e c t i ~ e  n.t  
aleverl o ' c lock  yssterdqy, so  it is rat.!~or naw, fl 

On t h e  guas t ion of p r i o r i t y  f o r  tnnk l :~ul?~fag r m t e r i ~ l s ,  Mr. Smith con- 
t inut?da 

"Tlzc problan  on t c n k  t~oLding rod io n pro'blem of getting 
p r i o r i t y  m d  you v o n ' t  g e t  ti?& velding rods unlees you g e t  
p r i o r i t y  in thc industry, nnd 1 think we w i l l  b w o  t o  ask OPM 
t o  give us P. coacossion on c o ~ ? p o s l t i o n s  i n  ca r t s in  cnsee i n  
tbers.  I d o n ' t  be l i zva  it 1s going  t o  ba faas ib le  t o  talk about 
o r  s~7,:r tl.izt WJ o r  60$ of nnyt l~ing can bo a prilnnry roquiro- 
inant. Yo :X)J h:?,va t o  nzko wh2t lore car 17~ike. For instmce, on 
this st2, inlcas busi:l,>ss, I C J ~  surc  we 1x0 going to h~,vc? t o  dcv i -  
?,to f ron  it, bec.r.uoa 2s fnr as T know, nobody over made st?-in- 
l e s s  tubing o11.t ol a cst?p, r,nd th2 t  is  one place wc h,re going t o  
k-.ve to ~ s k  OPM. t o  c l l av  us t o  bavo nickol  enough t o  mko stcin- 
l a s s  s t 2 0 1  tubin(;, ~lsiq; llrhc.tever prir.mry nickol  we nued t o  m&a 
it." 



The problem of eleotrode composition for weld$* armor was discuseed 
by Mr. Thomas, Arcoe Corporation: 

"The question has come up from the steel m i l l s  several 
times rega~dfng this 25/20 composition, abether we can not 
use a a  an aleatrode s, 25% chrome minimum and a. 20$ nickel mini- 
mum, with the idea that tbaC oomposition is easily rol led and 
does not have to be hammer cogged, A t  the seme time, the steol 
mills, same of them, hrsvo been studqfng the processing o f  the 
slightly higher chroma conrposition of 26 and 26-1/2 which i s  
required by welding rode t o  give a 25% minLmm chromium doposit, 
t o  sae if they can get  thie higher chrome composition in a form 
which a n  bo rolled pad aooe not have t o  be hammer coggod. 1 t 
seerno there aro t w o  f ields of ~eseareh that are going on now at 
the prasent timo. Ona I s  in tho s tgo l  mdle  processing a material 
which will give a ~ $ 4  doposit of 25% chrome, and the o t l ~ p r  is the 
f~bricntorr,  particulwly tho %vy, who the^ a lower &romp composi- 
t ion would be just gs 6~tisf~ctoryr In other worde, I thilnk if 
it i a  abso$utell*y neceeeaw t o  use 256 1q2niaw chrome in a wold 
depoef t, f think the eteel n i l l s  w i l l  be able t o  do it by ro l l ing  
dteel which gives sufficient chromium t o  meet that 25% chrome 
f i i n i ~ b  Howover, i t  $9 ny perhionral apj.nins, without hving made 
careful teat@$ that we caa man down 2&$ ehronfum in tho weld de- 
p o s i t  wlthoQt affoeting the doposit, ant I don't rocommend c&ang- 
ing or W n g  any aach change btil, we have tho Npvy ahange i n  
eonpositiont 3 think i t  would bo very foo l i sh  t o  run twn anal- 
yaea of a type 310 alloy through the erteel. mills. Xn other words, 
our bacloncy i s  for standardization of doqrosiition and it would 
bo far auperior t o  maintain the same con~positirln f o r  the armr 
welgng o f  tanks where 25/20 is required, as f o r  the Navy r o q u f t ~ .  
meat of o u r  ships, and so I think we should f o l l o w  possibly a 
l i t t l e  4ore quiCkly tho staol mills1 reaction t o  ra h$ghor-to 
26% chmmlum in thia steel, and woxk to dqtornino Bho properties 
of a. slightly lower chrclmfun weld deposit." 

With reference t o  the current situation o q  tho 25/20 eloctroda, Mr, 
Deppslor made a suggoer t ions 

think, therefore, it fs a sariau~ problem, but we -have 
a l s o  &. Taylar'a solution of it, not tho loworing of the chrome 
but the lowering of the nickel, a d  that givoe you a higher tony 
at le  strength u d  probably an olectyode which w i l l  work ns well; 
but in addittos t o  that, uo a n  also go ba& t o  the Cromansif. rod 
that we b e  o f f  arad which hm only bI.l2$ n$&el, ' and which doos . 
give 116,000 yield, Now t h t  s lecWode is going t o  give you . 
trouble butl if you evor got in to  dfffiaulty on your 25/20, we can 
always help you out if ynu aslo w i l l i n g  t o  preheat the m ~ r ,  T h a t  
preheating i a  only t o  JOO dogrees, The ws$d w t l l  dwelnp a l l  of 
the phye$cal propertie. of the wmr plate i trolf:  Bvt we can't 
offer any anlytian t o  this  25/20 because you rrrs going t o  be up 
~ h i d a t  it, I am &raldrfl 0 



This discussion pertained primarily to the use of 25/20 e l e~ trodes .  
Apparently no company except the Lincoln Ele~tr i c  Company visualized 
at t h i s  time the necessity of using a modified 18/g type of stainless 
electrode. Ms. Schmitt referred to the experimental M3 medium tmk 
hull welded at, Rock Island A r e a d :  

"We used the 19/9 composition. This electrode i s  euppliod 
by the Lincoln Electric Compwy, mado by those people f o r  thfs 
particular project,  and that electrode h s  very good qualitiee. 
We did not experienca ~ n y  diff  iou l ty  in joining r o l l o d  plate 
to r o l l e d  plate or hombgoneous plates together; but we -bd soma 
diff iculty jo ining a casting t o  a plate. Now we h-ve not dof- 
i n i t e l y  found whether i t  could be traced back t o  the different 
compositions botween the cfisting n n d  the p la te  i teel$,  and th-t 
would be iaharent in that particular type of structure, or whether 
it tms t h r a x h *  technique faults, but we a r e  working on that yet.  
we have not n def in i te  conclusfon as yet." 

Mr. Taylor explained thp.t the cjloctrode referred t o  'by 11r. SchrnitG 
was P. 19/9 with vahadium nnd wganese additions. 

There ensued a considerable discussion about repairing cracks in rollad 
~ r m r  plate which o f t a n  occur, particularly in face-hardened plato ,  
between r i v e t  holes and the p la te  edge. It  was decided t o  meke some t e s t a  
of these conditioas as indicated by &jor McInerneyt 

"we w i l l  send 1t;tters f r o m  the O f f i c e  of Chief of Ordnance ' 

t o  the Philadelphia Dfsirfct and t o  the Cleveland District t o  
g e t  soma of these plates tvhich have beon rejected. They w i l l  
be welded and sent t o  Aberdeen for tos ts ,  II 

I t  was suggested that both cracked plate and ropaircd plate should be 
i'ncluded in the t e s t e d  The quostion was also raised as t o  whether a 
mhCk which runs i n t o  a rivet hole wou ld  extend under shock. To this 
question Mnjor McInerney replied: 

"It might not under one shock, but mybo after being in 
service for n length of time whew there was fatigue, 1 would  
prefer t o  have thorn wolded up if it can be dune, Under nos t 
conditions I t  will bo a battar p lato .  I t  might be unnecessary 
in your estimation." 

The problem of  suporf i c ia l  surface cracks in f ace-hardened 'plate was 
indicated ss being very troublesoma at thfs timo, Very frequently these 
crscke do not show up u n t i l  ,tho plate i s  cleaned anii p ~ i n t e d -  It i s  not  
known how these cracks ~ffect tho service performnnce o f  the plnte. Mr. 
Kirkhoff, Cleveland Ordnance Dia t r i c t ,  expressed one viewpoint: . 

- "Superficial cracks, nppeartng cn the surface of theso p ln tes ,  
don't  run very deep. We have no magmflux t e s t  down there. We 
can' t tell exact ly  how deeply they g ~ .  YOU can grind them out. 
They probably go f i f t e e n  or tweney-thousandths deep, and as far 
RG t h e  naked eye i s  concornea, you can' t see the crack any more, 
but it stil l  mny be thero. 'Ife dont t want to t a k a  the chance of 



passing those plates. I thlnlc some 'sqerimeatatfon should be 
given those platee and ese whither or not those cracks are 
detrimental. ' I don' t think 'they are. W 0  &a rejecting armor 
plate every two or three days,  so it is a serious problem." 

It was decided t o  t e s t  some of theae cracked plates at Aberdeen Proving 
Ground and k j o r  McInerney expressed the Ordnance viewpoint ns followe: 

'If don't think, and I think most people agree, that i t  
would not bo advisable to try to weld th6s.e if they st-md up 
ballistically as they w i l l  be eratisfrtctory; but I wouldn't dnre 
consider t o  start gr inding out. 1 h t  we want t o  know is m e  
these cracks injwfoua first balliotically, and second in a 
fatigue ww, if instcalled on vehicles, after any length of eer- 
vice. Those would be the two particular points we would have t o  
consider, I' 

" I 

Tests dn affect of punching the pivot holes were conducted at W ~ t o r t o w p  
Arsenal. This study ma referred to by Col. Ritchie ns f o l l o w s r  

"In the investigation of tho effeat of punching at 1ktol .r  
town, we had, as I sa id  before, a number of $hose small cracks 
radiating from *ha boles, but they were on l y  th"rough the cpr- 
bwized  surface. 1% tqsted 6hose extenaivoly, -50 and ,30 
caliber projectiles in and around the hole, but in no case did 
they open up ~ n y  more than  they were origindly." 

With reference t o  repairs to armor rrastings, Lt. %%thews reported the 
~ c t i o n  taken at the last rnoeting of the Ccet krmar &ibcommittee: 

"At the last meeting of the C ~ . a t  Armor Subcommittee, I 
believe it wag agreed that where these cracks occurred on sur- 
f a c e ~  t ha t  won' t be' machined they would bo ground qut, Sf the 
inspector considered them of such a magnitude tha t  t h e y  should 
be removed, an4 welded with 25/20 without post heat trentment. I' 

It was further' indfcatod t h ~ t  6tross ralieviqg of castings is used only 
when some other  electrode than 25/20 f a  used fbr ropeir. The casting 
producors object 50 burning out  defect$ In cnstisgs, believing that 
chipping or grinding should be used; however, it wss admi~tod  that burn- 
ing could bo useti if the surfaces t o  be welded were thoroughly cleaned 
prior t o  welding, Difforencori betwaon Army and Wavy pollcios wero 
pointed o u t  by Mr. Geeeliusr 

"Thore io one intereating thing in comection with that 
pain t  on minor defects, and that ia that thosa f iwl  heat 
traatkents,  just tbe opposite of w h a t  Mr. Miller B a Y 6 ,  for t he  
Army we ezrc rcsquired t a  qhlp thsm out a d  weld them, Tho Bavy 
specification expreosly prohibits t,bL. We msy qbip them o u t  
or grind them out. We can' t weld thorn, We have two standards 
in our shop, depending on whore it is goingl" 

T h e w  cracks are s w f a c o  cracks as further caxplaincd by Mr+ Oeselius: 
"Tho stsqss cracks I am t d k j n g  $out we crwks in the 

decarbqriscd leyer, vgry seldom deeper than  1/1611 or 3/32", 
We aro ~ o ~ k i n g  on noth2ng thlcker than two inches in thickness." 



- I 
On the matter of importance of these cracks with respect to design strength, 
Mr. Landgraf comeatad as follow~r 

"f think there might be another idea injected i n t a  
this discussion, nnd it is t h a t  cast armor on any vehicle 
f s not there Ebr structural strength, o r  i t  wouldn' t have 
t o  be that thick. Considering an inch and a half of thick- 
ness with 130,000 pounds per square inch tensile strength, 
from a vehicle standpoint, it wouldn' t have t o  be over a 
quarter of en Inch. " 

A previous view regarding these cracks was recalled bl. Rltchlo: 
"A year or 80 ago, it was tho consensus that if those 

cracks were left, i t  might not dc &amage, but from tho mat- 
t e r  of looks they wanted t o  filZ them up.'' 

This viawpoint was corroborated lq Mr, Landgraf. 

I t  was f imly decided thnt no hard mnd fast rule could be eetallished 
at this time. The matter o f  whethor to remove and repair these cracks o r  
leave them alone was considcrsd desirable t o  be l e f t  t o  the judgment of 
the inspector. In the menntima, further s tudy  i s  t o  be given t o  t h i s  prob- 
1 em. 

Tests in pmgross at  Watertown Arsenal Laboratory ooncerned with weld 
bead hardness on ro l led  armor plate and armor enstings were dascribcd by 
Mr. Warner: 

"We hare been t rying t o  find out w h a t  would happen t o  
dast armor. Ife were expefimenting with  a one-fnch thickness 
and running wold. beads on the surface of the ple.te with both 
the lm cr-rbon electrode ~ n d  the 25/20. !ie h v e  t ~ k e n  sect ions  
tprough the  bead t o  examine the heat-affected zone adjaoent. 
A l l  t h i s  welding hnd been done with a LKX> dogrea Fahrenheit 
preheat. now by so doing, we have not  b,d sny difficulty f rom 
crackfng; but the heat-affected zone i s  pretty kxd, It is up 
around 450 Brinoll~ Then f o l l o w i n g  that  welding operst ion, we 
have drawn theso pieces, c e r t a i n  ones of thorn, et 600 Fahren- 
h e i t  and 1000 degrees Fahrenheit, we find no effec t  so far, 
~t 1000 degrees, no eff ece on the hardness of tho Armor from 
this drawing operation. $hose pieces wore held at tempera- 
turn f a r  one hour and then pulled out r.nd eir cooled, We 
think that we h ~ v o  t o  go t o  n temperature higher than 1000 
degrees Fahrsnhoft t o  g e t  the k~rdness of t h ~ t  heat-affected 
zcno dawn. We don't hve t r ~  w o r r y  t o o  much abnut the hardneds 
of the hoat-aff ectod znne, but 1 don1 t know haw high a tem- 
perature we can go t o  on t h i s  cast armop without kM&ing tho 
hardness of the armor down* There is  no difference i n  the hard- 
ness of the  heat-affectsd zone botwean t h e  low ca'rban or the 
25/20. We do f i n d  a slight differezlco in +he dopth of hoht 
penetration of 25/20 8 s  compared t o  the low carbon, 'Zhe heat 
zone is about 205 thinner; tbt is, the depth of the bottom of 



the hozt zano from the  surfaeo of thn piece is about 20$ lcss 
with 25/20 thna it i a  with low cnrban olactrodc, using the stma 
c u r r o n t  hnd sane PXC voltngn ~ n d  ern3 rn t e  of trnvel," 

With reforance t o  defect8 i n  cr.sting8 unccrvcred in machining, Mr. &zmo 
commented RD follows: 

"Wo a r e  j u s t  boginning t o  g o t  i n t o  t5fs problem of  t h o  
Aefocts i n  nuwhining nnd it i s  r e ~ l l y  moro snrinus thnn i s  in 
evidence in nur fiimcussion thus f L w r  It b o i l s  f t s o l f  dawn in- 
t o  othor factors wbich hzve t o  be takoq into R C C O U ~  rather 
than just the &?two of t h e  defect. It Reems thnt you nevnr 
f i n d  these things mtil tho  mrtn hn~l taken the lnrst cut on the 
mchfno,  &crything is down i n  t~rms o f  a t l~ouaadth of  an 
inch, and a11 such PA that,  nssd it l en t  t only n question o f  
~mkfng  a repair, but whether you b r e  p r ~ h o ~ t  f t or ~ i v e  it 
subsequent pnst h n ~ t  trontmont nr ~ n m o t h l n g  l i k e  thnt. As for 
tho r le foc ts  baing mincr, wo w i l Z ,  atnrt e i r g  nn axploration ~f 
the minor defects, ~cl? vary quickly it turns iato n major nno, 
nnd ynur problem i s  further camplicnteir., I think tb.t more 
could be a c c n ~ l i s h o d  in tho ww qf sc$viw the prnblen n l  tho 
repa i r  of dofocte here by first  noking: n more thornwh erglorn- 
t i o n  of tho areas tn be mcbined, iuhile tho  cr-sting is psrhapa 
mon y e t  94 the  foundry, boforg f inrd heat trentnont, and 
IIQ your repair wnrk there, Won ycu h,vo  snne opportunity t o  
give somo subsequent hsnt t roq tnpn t  thnt  night rurluce this hcnt 
affected zone on there. I don' t bal i evo  thnt ~ u c h  oxnminntion 
w i l l  doley your t o t n l  progrnm t d  the oxtant of hnvSng t n  make 
these repaira a f t e r  tho cnstlnga have r-any mchinc hcurs on 
than, awl hm:e a11 nf ths subsequant hont t rontnnnt ,  nnd s t i l l  
stand the possibility o f  bofrq Chrnwn out aa resu l t  of not 
being ahlo t o  :.mke n s~tisfactory repair, We IIRVO found t k 4 , t  

where we b v e  rqn irod  sano ninnr ficfoct, nnr? thon ne a chock 
on the  r ~ p a i r ,  oxplorsd by nouns of t h e  Xrr,~, ant! ~ d j ~ c o n t  t n  
that there sombtimoe nppoms R r o d l g  egrinus f a a t ,  A l l  riglst, 
w h a t  are you going t o  rlo nbnut th t?  You riiA.nlt IBO i t  until 
you X-ra~red, an? for thnt rcgsnn T sv~tzlil l i k e  to R W ; C B ~ ~  vory 
seriously R c o f i ~ i d ~ r n t i ~ n  of a mro t h n r a w h  cmmins.tion by moans 
of tho X-xp~r o f  t h o s e  cns tings i n  tho n a a i n n d  arons prinr  t~ 
f f n,zl bent trefitnant, " 

It wna pointed out tht Labnnnn and h o r i c n n  S t e e l  Fnundrios are 
using r a d f n & ~ ~ p h y  pss a prncerlure c o n t r o l  chock on prnituatinn nf nrnnr  
cee t in,;e. 

Annthor point in ennnectinn with the fnbricntinn o f  tanks by wclrling 
wae menticnefl 'by Ik. R q m o  as fellows: 

"Xf this yrogrm on, thoro 1s ~ o i n j 2  t o  haw tc be a 
l o t  nf welriinr: ilono t~ cnrrnct nnchining srrqrs t oo ,  T h a t  is 
corn*% i n t o  the picture a l t  ths tirns, and. tha re  n~nin i t  is a 
questf on nf Snw moh woldixy cap anp parmit of such B tmo? 



I think that very d e f i n i t e l y  is a matter that is not  cleas in 
the minds of the inspectors to date, for the mat%@rWM 

To which Col. Ritchie replied; 
"I don't know if you can say .  That would dqend on the 

extent of the defect and the type of casting and the extent 
of the machining and ather factors which might enter into the 
picture. T h a t  may have t o  depend on a particular declsion in 
each case." 

Testa of butt welds in 1/b" plate at Watertown Ar'senal were doseribad 
by Mr. Warner as follows: 

"One question that was rhieod by a reprosontativa of a 
fabricator of vehicles such a6 armored reconnaissance care on 
which they use 114 inch face-hardened armr plRte was wh&t 
ballistic result did you get out  of a fusion weld on a 1/4 
inch butt joint of facehardened nrmor. So we made q four 
samples, in which vre trfod two bevels; one was a double V 
bevel, oqml bmel  from both s ides  of tha plate, and the o tha r  
was a double V bevel in which tho ma;jority of the bevel was from 
the ram of t h ~  plnto. It was a vory s d l  Te only a sixteenth 
of an inch deep f r om tho face, One of those joints  wo welded by 
clamping down the p la t e ,  face down, on a steel tablo, and clamp.. 
ing f t  dotm tightly making tho weld from tho re- of the plat0  
first, and turning it over and welding tho face of the plate 
with a single pass. We t r i e d  both of theso bevels th-t way, 
Than we took the s m e  type of bevel, tho samo t p  of plate, 
two other specimens, an& clampod those platos on blocks, immersed 
i n  water, so tMt  the face of the armor plate was in contact with 
the water. The plate was down about 1/32 of  an inch in tho water. 
We wanted t o  see two things: one, whethor the wntar would keep 
the plate cool  enough, and second, vrhother we could weld in a 
wet  condition l i k e  that, without having trouble with the arc. 
Wo found that by having the joint i tsel f  backed up with n strip, 
even though t h o ~ o  IPAS water on thnt strip, we didn't hive m y  
trouble with thnt 1/32 of an inch f i l m  of water i z l  making tho 
weld, Than, after these wolds were mado, they wore X-rayad, and 
tho g-raps looked all  right, so we mado b a l l i s t i c  t o s t s  with 690 
caliber end at  100 pards, and theere ara the resul t8  we obtained* 
I w i l l  read them o f f  quickly: for t ho  1/4 inch face-hhrdenod 
armor,, the spocif icntion I s  1975 f o o t  seconds, On tho doublo fT, 
the f i r e t  one m a  A small V on the face, wclded clhmpod on tho  
t ~ b l a ,  we got 1450 f o o t  seconds on the joint .  With the  squl 
double V bevel clamped on tho table, wo g o t  1550 foot seconds 
b a l l i s t i c  on tho joint, It makes ca difference whathor you cool 
the plfzte in water o r  whethor you c l a q  it on a cold table. The 
bal l i s t ics  fir0 about tho #ma;  but the interesting thing o f  the 
whole serios is t h ~ . t  you o n l y  hr-tro 70% t o  75$ bal l is t ic  efficiency 
on this face-hardened plate with the arc weld. Now whether that 
i a  indicative of w h n t  we should expect with fusion welding On 



face-Wdened plate even with water cooling O don1 5 know, Ihie 
particular thickness of face-hardened plate, on thicknesses below 
half inch is quite R p r ~ b l e n  t o  weld and keep the b a l l i s t i c  ef- 
fiCi~ncy up, because of the heat oP wel4iq.g. 

"On the four eimtlhr specimens of homogeneous p l ~ . t e ,  bevoled, 
however, with a. singlo V bevel, complote'ly through the plate ,  and 
welded with the plate clanipod down on the same table, after the 
welding has beer. completed in the groovo; turning t l ~ o  plate over, 
and nftor a slight grinding oparatian,  putting on a seal bead, 
using 25/20, raonel metal electride, 1818 nnd a 1/16" 25/20, the 
fourth one was welded with 1/16'' 25/20, IVe g o t  ballistics as fol- 
lows! 1550 on the first ono; the sscond one w ~ s  1k50; thc  thtra 
one was 1450;aad the f o u r t h  ono was 1350. The specificied bal- 
l i s t i c s  f o r  the plate is 1050 f o o t  seconds, That mean8 that in 
every one of  them we g a t  over 1005 b a l l i s t i c  eff icisncy, accordimg 
t o  what is expected rind Eipociffad for the pla te ,  Number Ono waa 
l/8" 25/20. Nwnbar Two was monel. Eumber Four w a s  1/16It 25/20. 
Ye simply clamped those down t a  the table and welded thorn. It is 
pre t ty  easy t o  gat 1006 offioiency on l / b i n c h  hamogoneoua plato. 
It seems an impossibi l iw on face hnrdened." 

In addition t o  these t o s t a ,  FL sorios of  three oxperirnentnl boxes of 1" 
plato have been propared, welded, pad tested by F? shock t e s t  at Abordeen 
Proving Ground. Two of those boxes of 0.50$ C Cr-Mo-V r o l l e d  homgen~ous 
plate wore wolded at Watertown Arscaal as ref orred to 'by blr, \garner; 

"We hwe built  two  boxes of  anc-inch homogeneous armor 
plate ,  in which we bnva incorporated thrcg  but t  jointa, and h v o  
n o t  made any special proparatiov of  the corners. Tn othor words, the 
typo of cornor joint wa have nndo i a  probably the  wonkoat type that 
could be concoivod of. I t  is the poorae t  type bnllistiaally, fig- 
uring if we could got ballistics on that typo wo could g e t  them on 
any other type, A box of  that ty-pe, the an0 face bc iw opoa, t h i s  
ie 18 inches here, 18 here, 12 high, ~ n d  18 R q w e  pthorwiss. 16 
ham a butt j p i n t  aoross t h ~  top, and put R butt j o i n t  I n  the  side 
hero ~znd a butt j o i q t  - 1 ~  this s i b  hare, and. tho way we did i t  i n  
Watertown, we mdo the  butt j o i n t  in t h e  pla$r?, go weproduced this 
face cad this here, and the top, and than we put the thing together, 
then weldoe? it." 

The corner joints referred t o  ware o f  the single f i l l o t  t y p b  ancl 
were welded with s carbon moly f e r r i t l c  electrode. The butt welds in 
each of throo fncos yore of the  double-V type and werc wgldod pr io r  
t o  the ~ssombly o f  the box, using a 25/20 buttering Tayer v i th  t h e  body 
of t h e  weld of carbon woly nn4 the  swfaco layer of a bra-facing mnterial, 
The o n l y  differonce between bnx number 1 and bax number 2 was tho welding 
seqynce used in nasembly. 

Box number 1 was assemblec! ~.nd tack wolded., A single  lpgar was 
flmosited in each j o i n t ,  the box being moved and positlaned so Chat the 
welds were anch mrle in the flzt pos i t ion .  After the f i rs t  lnyer  had 



- ~ 1 . y k ~ . ~ {  l y ~  

been depositad in al l  corner joints the same proeees was repeated for 
the second layer, etc. until a l l  corner j o in t s  were ooq le t ed .  

Box number 2 was assembled piecemeal, complete'ly welding each C O T W r  
joint as the  assembly progressed. This procedure necessitated the  use of 
tie bars and clamps t o  prevent d i s to r t ing  the parts out of posf t ion.  

After completion o f  those two boxes radiogrc~phic exanination of the 
welded joints disclosed transverse weld cracks from three t o  six inchpa 
apart in the corner joints. These crncka were not evident on visual in- 
spection. 

Box number 3 was of f ace-hrdened plnte and welded 'by the Liaco)n 
h e c t r i c  Coqany with Armorweld electrode (Mn modified 18/81 using a 
multiple bead technique. 'Exmination of the completed box at Watertown 
disclosed numerous cracks adjhcent to  the weld j o in t s  appesreatly aseociatod 
with the heat-aff sc t od zone. 

A l l  throe boxes were shipped t o  Aberdeen Proving Ground f o r  b a l l i s t i c  t e s t s ,  
the results of which were described by Lt. Reed ns follows: 

"For the b a l l i s t i c  test on those boxow, we inverted them. 
That was the only way we could hold them down. Put R, clmp on 
one end, lay one end agninst a rest, and f irad  37 millimeter TP 
M5l ~t a velocity of 1768 f ee t  poi sscond. We h i t  s ix  inchos 
t o  t he  right of that weld and cracked o v o q  weld in the box. 
The ones on the back opened up 1/16 of an inch. This weld her9 
cracked f r o m  the center down t c  the oponing. Box number 2 we 
mounted t o  hit the top weld, and of tho eleven welds on box IIW- 
ber 2, the first impact on the top crackod seaon of them. Now 
these cracks occurrod not  here, not here, but in hero, about l l g  
inch on boxes number 1. and number 2, 

"ox number 3, the face-hardened box, was superiar  t o  either 
o f  the homogeneous boxes. We struck thtt six times; we strmck it 
four times with th f s  same projec t i le  37 TP M5l and twice with 37 
millimeter AP M51. 'PwPco crack8 occurred an the m e t d  sldc of the 
weld, but in no case did cracks run the f u l l  longth, the w s y  they 
d2d on tho hnmo~enenus 'boxes, We would have an impact. We would 
have a small crack hero, The second impact would crack this  Wd 
woizld crack this.  The th'ird impact might start w crack over here, 
but in no case did the wholo thing give out as happened with the 
ho no gonoous boxes. 'I 

In t h i s  connection .an o b s s ~ a t i o n  was clnde 3y Mr. Warner aR follows;. , 

" I  just ww-t t o  call  a t t e n t i o n  t o  one thing,  We are dia- 
cussing cracks in the plate and t he  effect on bfl l i s t ics ,  In this 
number 3 box, thfs face--hardened plate ,  thore were some fine hair- 
l i n e  cracks in this case. Sone of those cracks were in there due 
t o  heat trcatrnont and befors the box was welded, and whether any 



of them occurred due t o  welding, I don ' t  know, but they were 
there when the box went for ballistic tests, so that i s  mothe r  
fact that entare i n t o  consideration. Apparently, they are not 
serious as far as balliatice 

A common viewpoint held st t h i s  time was Endic~ted by j4rb Landgsef: 
''!%at would have happenedl if you wsldetl that comple.telg 

with 25/20? Probably it would be low in b a l l i s t i c  value, but 
how about holir.ing the  th ing  together? 25/20 would  be considor- 
ably bet te r ,  There is no dollbt tkt 25/20 would hare been 305- 
t e r  from that ,eagle." 

This viewpoint was enph~sized by Mr. xmery: 
"1 believe L t .  Reed canttoll you soma of the things we 

t r i e d  down a t  Aberdeen. The combination of 25/20 and non- 
fiustenit5.c eloctrodsa didn't work out so good, but when we uaod 
austanitic electrode al together ,  i t  withstood tho 75 m i l l i w e t a r  
shock t e s t  without aqv trouble, The rnfnuto we stnrtod t o  intro- 
duce o t h e r  electrodes w i t h  the 25/20, they ware not so good," 

Some t e s t s  mado at Rock I slnncL Arsennl on welds in 1/4" faca-hardened pla te  
were dcscribed by Mr. Emery: 

"we mado a number of wolds thero on fatigue t e s t i ng  of 1/4" 
face-hxdened pla te ,  and they were woldcd with austcriit ic rods 
and with  non-mstani6ic rods, but I personally prefer  t o  use thg 
austenitic roda. some wore walded by other people rvho usad n 
non-austenitic rod, and the consensus of this t e s t  is that the  
wustenitlc rod is better than tho chrome rod usod on t h e  other 
t e s t s .  I have had eoae o t h o r  w c l ~ o n t s  maae using an ~ u s t e n i t i c  
25/20 rod, and facing it wi th  a 4-6 chrome rod,  a f t e r  the 25/20 
welding was complete, and t h a t  appeared t o  work out vory good, 
I t  sgems that tho 4-6 chrome rod w i l l  combine with the 25/20 
without m h ~  ohqck c r ~ c k s  when you use it. With the  other eloc- 
trodes wo have tried t o  use, there is a tendsncy t o  crnck. You 
dont t get  x m y  longitudinal cracks, 'but you gat crotss cr~cks right 
across t h o  width, but 4-6 chrome does no t  appear t o  cross crack, 
i f  you WQ that weld last, but if you me t o  complete your out- 
side weld axd put the chrome on and than weld o n  the ineide, you 
w i l l  cross crack your chrome deposit o n  the outside.'' 

Certain electrodo devalopment work carried a n  by t h ~  Axcas Corparntion waa 
described by Mr, Thomars as follotnrs: 

"Our work bas been mnfay in the austenitic f i a l d  and b s  
been entirely with homogeneous armor and our t e s t a  etarted out 
in the  laboratory, Sinco thon we ran t e n s i l o  impact t e s t s ,  those 
being conducted w i t h  the co-operation o f  the  Navy Department, taking 
various types of austenitic ~ l l o g s  and testing tho j o i q t a  by ten7 
pi le  iqpact. 25/20 showed up with bre~?,ka 14 the welds thgmsolves 
which we would o q e c t  because of tho l o w o r  tens i le  ~ t r o n g t h ,  



with of course a value bf 100 t o  150 foot pounds. But we took 
a number of high strength austenitic alloys which we developed, 
which were as strong as the armor plate wibh the expected high 
tensile impact values which would be abteixmd from armor plate 
of 657 f o o t  pounds, We carried i t  further with some disappoint- 
ing results. In making up eome of these t e s t  samples, we used 
a j o in t  which gave us a locked-up condition. One of o w  austen- 
itic weld metals which on static testing gave a strength of 
125,000 pounds per square inch, we placed'in t h i s  Locked-up stress 
condition, actually fn i lod  when tho weld whs cut apart, with a 
crack adjacent t o  *he weld junction or right in the weld j ~ c t i o n .  
Howevar, wo took one of these high strength matarl4s in a large 
inch and a half plate,  similmly locked up, md we found t h t  
there again c r ~ c k s  occurred in the same w a y  adjacent Lo the weld 
Qunc t ion. 

"We have come t o  P. point  where we are bogiming to believe 
that some of thosa high yiold strength ~ l l o y s ,  ausrt~nitic alloys, 
leave a r o s f d W  stress in henvy plah which is groat onough t o  
~ c t u n l l y  cauao failure adjaaent t o  tho plate, whereas whero we 
have a low yiold strength mctorial, suck as 25/20. wo arb  able 
t o  g e t  n stress relieving at low temperatures, so the residual 
stress is l o w  onough and we don't &va this failure adjacent t o  
the welds, I see how 25/20 fails t o  lnafntain ballistic pone- 
t r a t i o n  on face-hardoned plate, but apparently from the t e s t s  1 
have heard t o w ,  it is sntiefnctory on tho homogeneous nrmor- 
Face-hardened armor, EL& I see it, is lmgely in the thinner al- 
loys,  the ano-quartor inch mainly, and in the thinner platas 
we don't have tho locked-up stress condition in o w  structures 
that we have i n  the thicker armor. Consequently, it appeas t o  
me that we should think of thase high strangth auetonitic al- 
loys  in connection with tho wolding of a thin fnce-hardanad 
armor, and tho homagoneous, of d l  thicknaeses we should think 
of, in toms of welding w i t h  some m t a r i u l  such as 25/20, with a 
fairly, low st rength y i o l d  t n  provsnt high locked-up strassoe ad- 
jacont to the wold." 

This conclydod the discussion of dovalapment work which had been dona 
t o  h t o .  Co1. Ritchic briofly explained tlao s ignif  Pcnnce of the Sub- 
comi t t ao  a c t i ~ i t i o s  as f o l l o w s :  

"As youprnbzbly recal l ,  you h a m  been receiving soma re- 
ports t h o u g h  your subcomittao organ1 zation, covering matters 
pertaining Lo the welding of armor arid nthor itens of i n t a ros t  
which I hope a r o  of interest to you. Some ten raports wore sent 
out since the last ncofing, nnd unless there are comnants on tht, 
we w i l l  continue t h t  procedure, nczking tho distribution, Of 
course, befsr in mind t h t  much of that mater id  is nf EL restricted 
nnture nnd should not be allr7woa t o  fall  in umuthnriesd hands* 
Tkzt brings mc t o  e~nnthcr  caution I would l ike to m k e  now ba- 
fore I forget it. Of course, a l l  of our discussion in these 



subcommittee meeting8 have m official standing so far as 
e h w g i n g  specif tcatione unti l  these recommendations we might 
make b v e  bean approved by proper authority, In o.ther words, 
don't regard al3y of ou r  recomrnsn@tions hare ars a ~ i t h o r i t y  t o  
go ahead and make sny changes in your procedilra untiJ that 
comes t hough  the proper wqv. We axe o d y  an advisory Agency, 
so t o  speak*" 

Since the East meeting of the Subcommittee some thought had been given t o  
Subcommittee organization with the idea o f  expediting some of the develop- 
ment work which b d  been suggested md encaur~ging activity toward pro- 
ma tipg new development projects, The results of th i s  think9ng vare outlined 
by 601. Ritchie ss follows: 

'!I ham one proposition t o  &e which I tmuld l ike  t o  sub- 
mit for your consideration, and that is t h ~ t  WE name a subgrotrp 
in this camittoe,  c o n s i s t i q  essentially of the f~bricatars, in 
order t o  keep tha  group small, with probably a representative 
f r o m  Rock f eland Arsenal ~ n d  Wntertotvn Arsennl, the  representa- 
t ive  from Rook Ialnnd Ars+nhL t o  be Mr, Schml t t or somaane des- 
ignated from Bock Island t o  be tho Cbirmn of the subgroup t o  
study that r e s e a c h  and development program, and formulate 
specific prajacta which wo should now press, in addition t o  what 
we have under wer~r, with the view of coordimting t h a t  work more 
thoroughly  and a l s o  ~ i n g  specific recomrnend.etions as t o  tho 
allocatiohs o f  that work, that i ~ ,  where i t  might be most ef- 
fectively carriad out; that subgroup t o  report, i f  i t  be your 
pleaeure, t o  the Chair- of your  subcommittee. I would l tke  
t o  propose that Mr. Schmit$ nt Ro& Island be chair- of the 
group, o r  someone he might arrange with at Rock Island, and t h e  
group t o  cons i s t  of the industrial f irms--4, 0, Smith, Electro- 
Ma tiva,  Bd.dwi& h e r i a a n  CAI: and Foundry, Diebold, and Yoxk 
Safe an4 b c k ,  I ~vould Liko t o  restr ic t  it t n  that  group of 
fabricators, c a l l i p g  in tho wslding elactrode people if necessary 
in their oanswltwtfoas, but restricting i t  t o  this group so they 
can sit down in a small executive unit and study tho program and 
forWata def in i te  recnmendatioas, That i s  one propcsition* 
Another one would ba that service repreaantatives only get to- 
gether, but 1 would much favor the fopmar. 

"This s u b g x ~ ? ~ p ~  if appalat&, wonXd mest at the earliest 
date practf cable t o  diseusa t h i s  research and development pro- 
grhm appedded to your  ainutes nf y o u r  former meeting, and eub- 
nit t n  me gpocif ic recomondatians. I indicated f w o u d  
distr ibute those t o  the proper agencies including a l l  the members 
of this kbcon~ittee for ynur cntamonts, and this ~tnuld  take place 
pr io r  t o  the next meeting, vhlch w o u l d  ba held in sir weeke or 
within the next month, RB you muld recnmorld* Tbrnugh  th is  
method of app~onch t n  this nrnblen, we hope t n  h v e  research 
work cleared out of the why or at least developed t o  such R poin t  
t h ~ t  i t  would be a f  . m i n u n  assiatance t o  thnse  people vhn are in 
prnductinn or who w i l l  go in to  production in tho future," 



This suggestion wasl appraved by the meeting and thus WBs s t m t e d  
w h a t  cams t o  be known a$ the Research Program Subgroup of the Sub- 
committee under the chairmanshtp of Mr, We F, Schmitt, k c k  Island 
Arsend. It was intended tbt ibis Subgroup would be c o q o s e d  of r e p  
resentatives from manufacturing facilities concerned wf t h  fabrication 
of armored vehicles. 

Discussion of current development work indicated that there might be 
some duplication, due t o  lack of coordination, and this i s  where the 
Research Program Subgroup could ba of great assistance. This was in- 
dicsted by Col. Rltchie: 

"Schmitt at Rock Island. plus WCzrner at Watertown w i l l  be 
in a be t t e r  posit ion at the moment to recommend o r  at least 
cr i t ic ize  this research and de~olopmont progiam and place those 
projects i n  such shape t k t  we can better appraise thorn than 
could this whale group, working as a wholo. I am trying to make 
these people use the pick md shovel to the extent of doing some 
work for us, and wa w i l l  look this  over after they send it in, 
I will send out t o  you R letterp Rnd you can cri t ic ize  it  and hash 
over it ~t the next meeting. i t  is an agency t o  apportion the work, 
study the program, and make recommen&tions which might seen ap- 
propriato. One of the main functions of this Subgroup is t o  rec- 
ommend where work should be done, utif $zing the fac i l i t i es  of in- 
dustrld plants, in order that we m y  not lose any owportunity t o  
press the work as rekpidly as we can and t o  utilize fully dl 
wailable facilities and talent." 

It was decided thrtt the next meeting would be in Pittsburgh, Pemsy1vani~- 
In closing,  Col. RitchPe expressed the appreciation of the grow for the 
arrangements provfded by Mr. Smith, Republic 8 t e e 1  Corporation: 

"If you hiwe nothing fur ther ,  X v r m t  t o  aga in  express our 
appreciation and pleasure in having Pk. VnnDreser of the M & q  
hmpany with us as a member of the Subcommittee. 1 ~ . l s o  want 
to thank Mr. Smith for making these splendid ~rrnngements f o r  
us nnd taking care of us so nicely, providing the stenographic 
help, and for the other things he bas done t o  mpke our meeting 
so pleasant and g e n i d O u  

It should be pointed out here that the organizntion of this Research 
Program Subgroup was the beginning of a system of organization of the Sub- 
committee membershfp into various groups of specialf zed Intereats, which 
was to facilitate the functioning o f  the Subcommittee later when i t s  nem- 
bershfp had roached such  proportion^ as to prevent effect ive &iscussion 
Pa a one -w  open meeting of dl phases of i ts  f i e l d  o f  activity, Tha 
Group organization reached i t e  height in late  1942, 



FOURTH MDTING 
SUBCOH.!ITTXE ON IE3LDIlTG OF &bIOR 

22 AUGUST l y b l  
~ ~ U Q ~ S N E  CLUB, PITTSRURGH, PA. 

The fou r th  neetine of the Subcornittoe wrts helR on 22 August 1941 
at the Duquaane (nub, Pittsburgh, Ponn~ylvnnia, wi tll  51 pnr sans i n  
~ttendPlnce repreeontingr 

Fabricatore Q 

Xloctrodd lhufncturers  8 
Arncr Prhducere 12 
O r h n c e  -D~ly~,r tnont l g  
&,vy Depnrtnent 2 
Guests 2 

Tho C h v s l e r  Corpnrntion wns olactod t n  nenbarship on tho Sub- 
cornittog,  

Since the arrangements fnr this naating weru rutfie by hl, Kmble, 
hrneg io - I l l i no i s  Steel h p o r n t i o n ,  0 ~ 1 ~  Ri tchf c o q r a s a e d  the ap- 
preciat ion o f  tho group in his opening rewrlcs. Lt, COT, JI E. 
Guinn, Executtve Off i aar, Pittsburgh Ordnance Pis trf c t ,  preczofited kfr, 
Berg, Dis t r io t  Chief and h f r m  o f  the Bcnrd nf the I)~ELVO Corpora- 
t ion who cnmplinentod the  Subconnittee in t ha  f o l l o w i w  ronndks; 

'lQlnnol, Bitchie, Gentlenent It i~ n ymivilsgo t o  wnl- 
come your Committee on its first v i s i t  t n  tha Pittebwrgh Dis- 
trict, We are very n p p r o ~ i r . t i v ~  cf the s?qlendid work being 
done by yclu in furthering our toclmiccl knnwlr~dgo :..xd- emoditlng 
in a vrac t icd  m.nner tho prc?curenent n f  m t e r i n l  neaded by the 
0rtln&ca Deywtr~ent. It is n e t  my intenting t o  d h c u a e  the 
several -?roblens to wl~ich ynu w i l l  clevota your a t t e ~ z t l a n  tnhy, 
fnr the en,=inearing skill and knnvlndge r q ~ r e s o n t o d  horo ?re- 
cludc finy 7~oss ibi l l ty  nf n;y ndding tr, the ~voalth of i n fn rmt ion  
tb.t yr>u .bvo ~llrondy gathered, 1 h,ve h c ?  an opportunity rc- 
cantly t n  rcviow some of tha  activities nf ynur Cnnnittoe, and 
I an cer ta in ly  inproased with tha  thoroughness ~ 4 t h  which ynu 
gentleman a r c  nttnoklng the probl ens c f  ini t in1 fabr)cr.ticln, and 
repair apd mlntenmco of ariwr structures by the w o l d i ~ ;  prn- 
ches .  IVe h n t i c i r , ~ t e  inmansin<; banefits f r ~ m  ynur work ner you 
f i s t  doopor i n t o  the  ~ ~ r n b l m  of ;woductirn nf nrdmncn mntoriel,' 

A t  the ?rswious m o o t i r ~  of  tho Subcomnittao in Clsvaland in June, 
1941, a Rosoarch Frngrm Subgrnup hait been ~ppnintad cons is t inc ;  of  rep- 
raeentativos Prom t h o  fnllnwing nrgmizations which aro nembars nP the 
Subcomrni t toe: 

A. O* Snith Carpern t ion  J, J. Chyle 
Artlsricnn CPJ Bd Fnundry Coqany W. C. Oshcn 



Or~ani~ation Reprasentatfva 

Baldwin Locomotive Company A. J, b y m o  
mectro-Mot ive Corporation J, Ii, h e k a  
Diebold Safe & Look Company A, L. Abbott 
York Safe & Lock Company W. BB, Lair 
Watertown Arsenal W, 2. Warner 
Rock Island ArnenaS. 7 ,  B, SchmLtt, Chairman 

This group kad held a meeting on the  preceding day in the b f c k  
Building through arrangements made Mr. Bibber who attended the 
meetingm A t  that meeting a development progmm had been formulated* 
Ik. Schmltt when requested for a report by Col, Ritohie requested do- 
ferment of consideration until later in the meeting because the typbg 
of the minutes of the Group meeting wae not yet  complatcd. 

The problem of supply and do-d far stainless electrodes for welding 
armor was discussed* Wor Atkias oultlinoft the p~obable future require- 
ments for production of tanka as follows; 

nThs present requirement of t a n k s  under contract are very 
well lolotma It i a  contemplated in the first punner of 19942 t o  
manufacture 1,000 medium tanks a month of whloh 300 w i l l  have cast 
hulls; the other 700 w i l l  have t o  'ba fabriented 'try welding or 
riveting, The casting mnufncturors cnn only supply us with ba- 
tween 300 find 500 cast hulls per month, "based on future expansfon, 
and if ldiaatfoa~ are that poastbly go0 tnnks w i l l  have t o  be sub- 
contracted f o r  welding and riveti% t o  3s many mmprsnies as have 
facilities for doing such work." 

Mr. Brooker remarked as followe: 
"One p o i n t  which r r q ~  be of i n t e res t  is that there was a meet- 

ing of the s tea l  manufncturers and the OPM, Army a d  Haw, at 
whioh Dhe poss ib i l i ty  of cbngiw 25/20 rod t o  something less  
etratagic was discussed, eince this 25/20 has to bo broken down 
by h w e r s .  The change w i l l  be t o  a lower alloy rod of 23/19 
minimum to permit broakdown by rollsr" 

From Myc Braoker'e asd Wor Atkinst remarks, i t  was disclosed that 
OFM has beop requested by the Office, Chlcf of Ordwnco, na t o  nvafla- 
b i l i t y  of 400,000 lbs. of stainless stocl aloctrodoe of the 25/20 aad 
18/g type 'by June 1942, f a r  vclding tanks during the reminder of' 1942. 

%me of the optinisn recently oxpressed as t o  availability of d.10ye 
was crfticisod by MT, Bibber: 

"There m a  in t h f s  country electrode ealesnen, mt present 
hore, but at least repfssentativas of two coqanf es who huvs 
gono moud stating thera is no shortage nf hick01 a d  they can 
aupply all the 25/20 rods anyone wants, We do not feel that that 
kind of talk aboat the shortage of nickel should be allowed. f t; 
i a  mentioned before thf s Comf t t e e  t o  dotermine whether these two 
people &avo any justif icatidn Pox making such statenenta, and if 
so, we should be .corrected*H 



To which Mrb L~ndgra f  roplied: 
'"Nickel is very critic0.1 nt present and q l o t  of foundries 

&re lucky t o  g s t  enough nickel t o  keep them going. Thoso stnte- 
ments m e  not  justif i a d  ~ . n d  we w i l l  find n.11 of a audd~n OPW w i l l  
s top ell supplies of 25/20." 

An interesting situation with regctrd t o  requirement for niakel was 
pointed out by Col. R e h :  

l1Thare i~ one very interest ing th ing about this dckel.  
eituation--making FL riveted tqnk using 3.50% nickel r ivets ,  
considering shnnka and heads, thero w i l l  bo nore nickel used 
in riveting the, tank t b n  by welding with 18/8 welding roda, 
Wo haven' t qtprtod any welding yet but we do use a bnrrel o f  
r ive t s ,  and the ~hor t~nge  of nick01 - f t is going through my 
mind that we might hnve t o  put them tagothor with gJue - 1,000 
tanks a month will mean h lot of r i v ~ t 8 .  The OPld h s  said O.K, 
on 1.8/g." 

The situation rog~rding the woldfng of armor in -land was nvt l fnod 
by Mr, Hignett as f a l l o u s :  

I1Gontlomon, I REI very proud t o  ~ V O  th i s  opportunity of 
thanking officially all of  those nombors of t h i s  Committee who 
have so kindly given me 8 tvedth of  information on the methnde 
or technique of th is  country; secondly, fnr the apporkmity o f  
t e l l i n g  you eonothing of what \so are at presentj doing in anglned, 
I must cnnfoss t h ~ t  o u r  nothods o r  technique m e  inferfor t o  w h a t  
you have in nfnd. We iuro engaged in welding t w o  different t y p e 8  
of tank. Reghrdfng welding i t a e l f ,  we h,vo  hqd no trouble what -  
ever, Tha first tAnk we wold is vary e m l l .  We ~ R B  600 single 
V ' s  and wa wela with FUI 1818 electrode containing apprnximatelp 
4% manganese. Ive have two t~1)08 of rods in me, 1/2$ rulwanese 
and 3 t o  4s manganese. We find l i t t l e  d i f ference in results be- 
tween the two. Our p1n.t~ prnblqne a r e  m.inJy due t o  intarnal 
stressr The second tjqm i s  ec hecvy tank, From a p~zroly welding 
p o i n t  ~f vieis ,  W Q  hr-vn lnsa AifPiculty in welding thm s n f t o r  nr- 
nor than tho hard armnr duo t o  tho roducccl r i g i d i t y  nf t h e  plhtes, 
The 1g/g olactrodo in wolding the honvy Rrmor givoe t o n  much 
di lut ion,  This caused us crnckinij;. On the other hand, 25/20 
electrodes m a  particulwly subJoot t o  hot  crnokinp;r !fe have 
been very unsuccoasful in using  them on heavy butt wolde. Bts f ~ r  
ns results go, we f i n d  tbt tho thin plr-ta requires nn 8 p?/m 
th$ck weJd with 1818 rod, Ragnrding heavy p l ~ t o s ,  our only t e s t s  
are  done with heavy projectil~s+ We made up a cnmpleto f u l l  s i ze  
nodel of the noso nf our new honvy tnnk, No vehicle is l i k a l y  t o  
meat such punislment in service. It is my honest opinion that q 
riveted or bol ted  tank is an unsafe vehicle in which to do any 
fighting* 

uPrebeatiag--nur generrrl pract ice over there varies bstween 
tyo s e t s  of fabricntnrs. One set  keeps i t a  plntsa i n  a hot s to re -  
hnuse ~ n d  the weld is a ~ r r i o d  nut at tenpqrxtures of g0 t o  120° y., 



dopending dn wezltlror conditions. Anothor alase PI fnbricntor 
h~ IRo cquipmont for h o t  storing t h ~ i r  plnte nnd thw -0 l 0 C . d  
prehoat ing, tho nppar tcqoraturo l i m i t  being 3anBralEod nt 
150' GI or 300OF, In the onsc of thc hmvy tanks, wo f co i  that 
stross r o l i o f  is dosirablc at 450 t o  50O0C, ,  or nt 3. teqcrnturc 
which PS 50eEr b01v'c.t t h o  drawing tompornturo of thc plato. In 
thc =sc of t hc  l i g h t  tanka  vo do not  bcliovc stress rol foofng 
is o s s c n t i ~ ~ , ~  

Eqcrlencc at Abcrdoon Proving Ground with b d l i s t i c  t o s t s  of wcldad 
joints mdc with Lincoln  Armorweld was bricf ly  discussod by Lt. Rood 
as fo l lows:  

"In fixing nt your pantoe vre have struck jo ints  with a. 
str~,ight s ide  with no V; Use, t%m ffla which moot in centor of 
plato with edgca separate& 5/gn+ l&cn you bit this you got  a 
pcnctrntion at 1450. 1450 wcnt right through. ghroa corner 
w o l a s  vhoFc plntos did not  fit togothcr quite properly gitro 
c o m p ~ c t o  panctra t ion at much lawdr velocity.' 

Thceo roraiiks ifispired comment by Mr. TIiomca a$ follows with r o w d  
to the woldihg problcn: 

"On thickor plntos wa h,vo noro troublo t h m  with t h i n  
pl~.tes.  I f o c l  thcO 1919 or I$/$ r?.nalysia cnh bo used very 
satisfnctorily an thc thinner gmgc plntcs. Wh'&t thc llnPt 
I s ,  I don't ~lrmt t o  swu Ifhen v~c gat  i n t o  2" plnto md 1 ~ x g 0 r 1  
wo w i l l  rn in to  mora troublo. Only so lu t ion  fo$ thnt i a  t o  
usc 25/20 clectrade for buttoring; bccnuso the thickor tho plato, 
tho more tendency for a Lockcd-up stross condition. The thitkcr 
we made the weld the more rigid the structure became* the Dore 
tendency for cracking, ??e have tests of welding which give 
satisfactbry results on 1" plato. On 1-112" plrttio we P a n  i n t o  
cracking. IVe f e e l  that on thfckc~ plato $to w i l l  run into moro 
troublo." 

Production eyporicnCe is woldirig tho %3 modium tank hull at the Bcldwln 
h c o m  tivtre plant W ~ B  outlined by Mr. & m o r  

"fvc arc wclding armor of a l l  thicknossos, homogon~ous type, 
and with in  tho next week we'll complctc o u r  first all-wcldcd 
hull. lfc are using thc 25/20 typc of elcctrodo, l?e hil.vc becn 
making v o q  cmoful observations of tho rc ld  rnatnl as dapositod, 
part icul~~rly  whoa looking for fusion cracks, and thus fax there 
havo not been any in ovidonca. 'Phfs matter of c r n t e r  cracking, 
which ha$ boon diseusaed hero t h i s  morning, mQht possibly be 
a funct ion o f  tha incUvidu13 olcctrodc uscd; bowcvar, 1% p r o t k  
w e l l  convinced it is v o w  closely ~ . l l i e d  wf th tho technique u s e d ~  
In othcr word&, tho mcthod of brc,aking off tho ,arc can mnse Bhjls 
crator cradciw to bo olirrrimtcd o r  it can be oxtenUatob by cam- 
lessnoss on thc part of tho oporntor in how that arc is brokonr 
Now, mrcn on o u r  nodiurrl t a r  wc rhngo f ron  1/2Qto about 2" glatt 
and thus far no crnck~ Q ~ G  f n ovidoi~ce t o  tho aye. Aa soon ns wo 



" 3 '  .- 
complete this hull,  we propoge t o  radiograph many j o in t s  that 
are accessible for good radiographic examina.tion, bpt frankly 
I do not expect t o  find evidence of cracking in the fusion zone 
or in the  weld metal. I think it is going t o  be impossible 
for any of us at m y  time to produce 100% joints, par t icu lar ly  
where we k v e  t o  use the double V t y p e  of j o i n t ,  because getting 
thorough p c n ~ t r r ~ t i o n  ~ , t  the apex of the V t e  in thore is a rather 
d i f f i c u l t  job. 1.Qe cnn say we w i l l  flame s o f t o n  the edgea a ~ d  
such, but you a t i l l  have a very difficult job of chipping c?ut 
roots of tho wolds. Other t h m  for that fault in the joints, I 
fecl that tho welded hu l l  looks more promising than ever., and we 
bavo actually found tho M-3 h u l l  of the  present design t o  be far  
more easy to handle as n welded structure than f first thought 
when we s t a r t  od out. I t  lookod as though f t would be quite n job, 
wolding ineido, diff wont posi t ions ,  otc. ,  but actually it has 
not turnad out t o  bo a very diffiwlt Job from the standpoint of 
tho mcchlznica of mniptzlgtion or moving tho t ~ n k  t o  g o t  a t  tho 
welding with a minimum of difficulty," 

With ref orance t o  crntor cracks, mentioned Mr. ~eglw,' Mr. B m g g e  sug- 
gested t b t  a beading technique instead of a lhver technique does assist 
in eliminating thcso cracks and teqorfng; the  heat -af fec ted  zone. .%n 
thia p o i n t ,  Mr. Thoma commented aa follows: 

"comm~nting on thnt beading techniqu~, that tompering of 
tho armor cnn j u s t  a$ well be done whother y o u  uee 'beading or 
weave technique. You arc tempering by gutting one layer on t o p  
of anothor, and the heat of tho subsequ~nt lwer is golng t o  tem- 
per the hardenad znno produced by the bead of the  previous layer, 
and it doesn't matter whether beading or weave type of technique 
i s  employad," 

?Jf th ~ e f  eronco t o  Specif i cn t i on  KG-1197, it doveloped that n~ r'H" 
plates had as yet been received at Aberdeen Proving Ground f o r  test, 
Some p r e l l n i n q y  t c s t s  with AICDS 2919 elect rnda have been rn-de ~t Rock 
f sland Arsond, usillg bn th ro l l ed  and cast homngenecrus p l~ . t e .  The Breeze 
C o r p n r ~ t i o n  n r e  welding l / L n  thick face-brdened plnte ,  using R buttaring 
technique ,Tccordlng t n  jlr. Komrnitsky. 

The pnlicy of tho Navy on this buttering technique was rutl ined by Mr. 
B i s s o l l :  

"!re abandoned the  idea. about a half a yoRr ago, !be feel 
we ge t  sntififactory reaults with 25/20 ~ v a l d i n ~ z  with camerc in l  elec- 
trodes, and thnt is what wo arc using. We found nut quito a while 
qgo that you couldn'lj use forritic rod oq austonitic, sn b u r  pros- 
eat specif icat ' ion prnhjbf t s  it. l?e , a r a  c-nf in ing o u r  work t o  25/20 
and oxpoct t o  use modified 18/g as soon RS wo get  data t o  show it  
i s  a l l  r ight ."  

4n interesting suggestion with roforence t c  set-up of butt j o i n t s  for 
welding, using n epncor s tr ip ,  was n-qde by Mr. Bibber: 



" h l y  iq our work in the welding of armor we fwnd  o u t  
that one of the most important things in connection with th i s  en- 
t i r e  business was chipping. lite are inclined t o  think of brolding 
and forget chipping. Chipping i e  a vary d i f f i cu l t  th tng  and wo 
havc spent as moh time as 1/2 hour t o  avoid t ~ j i n g  t o  chip out 
the root of a wold, So wo gave birth to t h e  fdoa of putting a 
25/20 rod in bottom of t ho  opening* 1/4" separation. aod using 
b0 nnglo of bmol.  Now that idca'urae rt11 r5&t but it bad  ant 
bug, namely, 25/20 material is vary hard materid t o  chip. Vo 
wcro ~310 t o  d r i l l  the rod out, but it wns h,rd chipping. Thon 
wQ g3,vc birth t o  nnothcr schcmo a f  using c. soft wallding rod. 
Vo dccPded thia should ba dpaned up 3/&11. 3/grt x 1/4" s o f t  i ron  
'bar, with n, 2 5 O  bovo11 S t a r t  right in with  11 4" ~ l c c t r o d c  m d  go 
t o  tawa and than i t  comoe timc fox the chippor to s.trsrt v~oork ho 
can go in cad c'Laah it out very banutffully, This hnd ~ l i m i ~ ? t c d  
t o  n ccrtnfn oxtcnt tho chipping problcm. It ckm pass p a y  X-ray 
tcs ts .  You o m  m&o Tory BUCCQSS~UL t ~ e l d s  with 25/20. Thc scheqc 
wns usod in fabrication of our f irst  tnnk, I t  works vory nl~cly,." 

With regard t o  c f f cc t  of lack of poi~otrat ion and fusion nt thc roo t  of 
F! double. V j o i n t ,  Lt. h o d  rmscked, zbout recant tests nt Abordccn Proving 
Ground: 

''In striking plat0 ws knoclrcd n pieco out with two rounds 
of 75's and put cnnsidcm'alc b a g c  in the plnto, g o t  tho unsound 
wolds stood up." - 

In coni~oction with tho proposal for square-cut jo ints  mndo by &, Brugge, 
Mr. Schmitt com~ontcd as fc\llowe: 

'1 would like t o  cannent o n  tlm squ~rc type jointc Sovcrd 
paints cxc ndvanttzgcous, On2 fact is tho j n i n b  ie oasily pro- 
pwod; does m t roquirr! Qc,wf i~g, v~hi-ch pronisee f ripid ~ F O C O S S ~ I I ~  
of p l n t c  and climi&,ztca any furthor prnccssing nf plnto, Proniscs 
greater ac~ui-acy in cutting plntcs, sinco square-cut plctos CWO 
mnrc cnsily procossod. I! bolicvc this has n groat d c d  o f  nc r i t  
and rmro work should bo thnc on this. I t  should be used o r  Bis-  
cmdcd c n q l o t o l y ,  but nnrc twrk is required t o  datorninc this." 

An objection wad voicoa by Mr. %no: 
"The uso ~f tha squnro ty-pc of J o i n t  has a l o t  of  thoorcticd 

ncr i t ,  but 1 th ink ynu will a l l  r c c d l  this idon kcld its l.roy6.a~ 
in 1932, &crybody in tho country tbnught thoir welding prnblcns 
woulr? bc solved otrcr night by (ping t o  square Joints ,  'Po tho bcsh 
nf our knowledgo t h e  squcvo t 3 - p ~  n l  joint has not founrt a very 
proninont placa in any of nuP innodinto f i e l d s  of fabricntion; 
thervfore, f doubt whethor i t  1w.s c great d e d  nf pronisc in con- 
ncctlon with t he  aaaen'bly of o u r  tanksI'' 

F o l l o ~ i n g ~ j A i i s  cnnngnt i t  was buggeatod t h t  woldinfi the p la te  
fran ano side only usi,q: a simc V instond of n double V should bo 



considered. &perinento t o  8 thie end are in progreee in &@and but 
nQ daciaion been renahs4. The high coet  of extra weld metd (Stain- 
l e r a  S t w l )  .vtirrsas the coat of the ndded proparation far the deublo V 
WRI c i t a a  for caneirlcration. Also, i t  wae pointed out the neceesarg 
pos i t  f oning aquipaenb w o a d  probably be avaiZahle in the production s s t r  
up ea that welding e o u d  be easily perfarmed from bfith sides crf the 
plate. 

Upan quostion by Lt, Reed the current pr~utico was further oonmented 
an by Mr. Hignotta 

"WeJ.1, air, I think twcl factaxe ttccaunt f a r  our ~ a c t % c e .  
Tho f irrst i a  thnt we stsrtod t o  wold tanker b~fnre any development; 
work hns b ~ a n  done and we hate done aur i!evelopnant work while 
producing tanka, The second is that it ie norm1 p ~ ~ c t + c e  19 
Xng1-d t o  do no chipping, mraly kno& nut  the a l ~ g ;  Third, 
undor nw condStinne, lacking bmutifnl aquipmen0. which I MQO 
had the pleasure nf aeeing in your coun tv ,  wo havd $a m p b ~ h i f t  
t o  cnnsfderabla axtant. The biggest shop in which O W  i i ght  
tanks were prcrfiuced b d  arerntfans sa crowded that we b d  t o  work 
the sequence of prnfluctfon nut  in nrdor t o  avnid f ~ u l i n g  a f  -thet 
twn largest m n i p l n t n r s ,  WQ hd t n  nltcr  the sequence t o  ga* 
away Prom thnt. I bal ioae  thn t  w i l l  giao you some i d m  nf hnw we 
are t ryirq-4 t n  bui ld  our  t a k a  nnd in adili ti on wo are trying t o  
make them hs quickly RB prrssi%le pond any time lcst fn chipping 
ie a serious matter which also mkes it evident why we n r e  butter- 
ing. We merely a o  n but% wofd t o  form 8 2'6'' RIUI a t  one 
end weld on p ~ t c h  and f ire  fit the opposite side n f  the  plate 
from the patch* We hnve two t e a l s  Inr el~ctrorile qunlity, and I 
would aw our views fire in a s t ~ l t e  of flux. Tho f k r ~ t  test l a  
f o r  bounkzry weaknoes which cnnsiate o f  Win&; twcl platee w d  
c~.refully cutting in order to leave s stadnrd  single V* We strep 
then down t o  a base plnte end fill in t ho  w o l A  wi$h 25/20, that 
works every time, We get some 18/g baund~qp craaks ~ . n d  we ~ p -  
prove a r  disapprove sleotrnrlee on the baais  nf that bnundary 
cmackiqg, The other  t e s t  1% for hot ductil ity for ordinary rofls, 
which is nn4 BL stnnhrd t e a t  but uersd t n  docitle umffic$nlly 
which r o b  we l ike .  Tho% c n n s i ~ t a  of putting n f f l l e t  weld In here 
and while that wold is being ma&@, rotat ing the t o n  piece whase, 
the speed of r o t n t i a n  is con t ro l l ed  and the time at which cra~k- 
ing begins i o  oBeerved in ragard t o  the time at which the weld i e  
s t a r t e d  a d  menapring the eagle! fit which the crnckiw takes place. 
We h v e  nnt paid a l o t  of a t t en t ion  to bnllfatie properties of 
the plates an4 we are not t ~ o  much concerned nbout vnaoundnes~ in 
the weld becauaa in nur heavy tmks we are d ~ i n c  ecmethinr; which 
I myeelf strongly disapprnve in orfier t o  avoid slowing o f  nroduc- 
t ian .  Fastening of a plate ' t o  the noso plate we uaa at ons end 
the h o r r i % l e  siwle f i l l e t  weld, We hRve EL natuxal unsnwdneae 
hers fax ~reater t b n  normal in an or4imry weld, 



"!$y reason for asking Mr. Eigne t t  if the British wera more 
adept fs because I am wondering if we werenFt becgming a l i t t l e  
t o o  careful with our  weld%@ fabricat ion,  We have learned the 
British are quits satisfied with molasses md straw t o  hold the 
plates  together, and here we are w o r ~ j i n g  about 8mll cracks. 
The reason I wanted t o  make sure, Mr. Brooker, is where a weld 
showed unreound bbt stood up and I think: it would be well for us 
t o  not lean too heavily towards uizsoundness but to be spending 
more time on other things t h a n  being absolutely sure no slag 
inclusions are in the wold." 

This keynob raised a perplexing queskion regarding acceptable qualf t~ which 
was briefly commented on by Col, Ritchie RS follows: 

"If there is a tendency towards sloppinesa in production, 
t h ~ t  w i l l  not  become leas, I t  w i l l  become greater. We must 
strive for tho best we can obtain without undue interference 
with production. After all, it is tanks we w ~ n t ,  but we want 
them welded as best  they can be welded. * 

With reference t o  c r i t a ~ i ~  f o r  inspection accept~nco raise4 by Mr. Jeffsies,  
Col. Jenks commented a$ fo l lows:  

"Your technique, in my mind, o , ~  you proceed, s b o u d  not 
based on two or three stress zipplications. Thoro is no refison 
why you shouldn' t work out something t o  st~nd mare than one or 
two stress applications, but when you come ta production, you 
can't do that. You a r e  just going t o  nake some sort of examina- 
t i o n  which w i l l  be a rough test of yaw techniqae. But why not 
woFk out  the technique t h a t  will stand c reasonable number of 
stress applications? You can't ca3oulste t he  stress you are 
putting on those plates when they are h i t .  There is s o ~ e t b i t g  
.nore o?  l ess  accidental about the  thing. Your stress 'cancantra- 
t fon  w i l l  depend upon the gmrnetrj; you will have an unknown 
f ~ c t o r  of stress concentratian. It seems t o  mc you b v e  R 

rather snrious problem here thh t  gets noro m d  nare i n t o  the  
l a g i c  and rather than pract-Pcal production in studying these 
things." 

Mr. Bibber fee ls  satisf ied thnt  using ths method of set-up he swgostod  there 
w i l l  be no necessity f o r  accapt9ng wolds unsound at the m o t .  Sinco produe 
t i a n  a f  tank8 is, at the prosent time, of greatest inportnnco t o  t h e  British, 
Colonel ditchie requested Mr. Kignett t o  comment on British p o l i w  with res- 
pect to development nf welded tanks. Mr. Hignett commented AS f o l l o ~ q s :  

"If we had time we would divert i t  t o  getting mare perfoct 
weids through carrying out mre rcutine tea ts ,  I said bdrre  EL 

ba& weld was better than a riveted jo int ,  and f stick t o  that, 
but d~ not  w a n t  it in terpreted AS an encouragement to the pro- 
duction of bad welds, We have had t o  s t m t  by making any weld that 
wbu1.d hald the armor together. Your  a t a t e  of Affairs is entire- 
ly difterent and i t  wouldn' t senre any purpose for you to start 



the same practice, Yoy should start by mekSng the walde t o  the 
best practioe and technique. I think you ahodd c8rr-y out re- 
search work t o  stucly w h a t  precautions can be ral~vced and e t i l l  
give you satisfactory semico porformanco, You may find you 
don't have t o  do certain thing8 through proof undor ssmico c o w  
dit ions,  k c h  of tho80 thlngs should be done under servico con- 
dltions nnd you should rolcrxso thorn later, T h a t  is tho w a y  wg 
would havo started b d  wo hnd tho opportunf ty* Your a c r v l c a  
conditions aro dtifforont than ours; you m y  w k o  tnnks that w i l l  
ham to run thousndde of milos." 

In anewor t o  quostions regarding roguikomcnts for armor p l n t ~  used i n  
woldad construction, Mr. Hignett rcrpliod ns follows: 

'Ido dof i e i t a l y  rostriclt tho carbon content in a11 plhto 
t o  maximum, wo triod to gct down to .28 mstxfmum, but thc 
etocl &,zkors would n o t  ngrou* I'lc h~?<vc a g r e a t  d a d  of m.torid 
t o  juatify this, Although $ m a l l  m ~ d c l s  m a y  be n a d ~  satisfactory, 
in production you w i l l  run into trouble, I would I i k o  t o  add s 
word rogardiilg fnspoation, t'h aim to have n welding i n ~ o c t o r  
in pvory fabrfcctfng ehop t o  suporvlso the e n t l r o  woldP11g o g o r n ~  
t$onc lbo do not bnvo oilough of thoso pcoplc avnilablo. Wo do 
hiva a groat memy moa running ~ $ o u i ~ d  tho country popping h~ on 
fn'trricntors and wo roly on thcsa aon's rqortsr  

In connection with this phase of  t he  welding problcrn Amaricnn qccif ica-  
t ions fox mmor nt this Lime wore p.6 doacribod by Col. Jonka: 

I1 lfo hr.vo no limits on our carbon conposit ion cfthor on 
r o l l &  or cast  plate, fn eomo casos thc ' p l n tp  delivered hr,s 
carbon in oxcees of .35 md in sono ufisoe, evon ,b. Thcrofnrc, 
thoro is n di f for~nco  in tho problona from fha  w d l d i n g  hcra nnd 
tho British practi~c,'~ 

Mr. Hignott Purthar cnnnontod tlwt 13ritish practico involved lootZl 
proheating trp t o  jW°F. n in ' lw,  

At th&s p o i n t  the aetivitiae of' thc &search Prngmn Sybgrnq wcro 
discussod by Mr* Sahrritt. 'EEcch nonbor of the Orcw proaont was roquestod 
to ~xpl t l in  tho prWran tvhlch hc proposod t o  carw out at hjle partfcu$nr 
facility, 

Mr, Wno (Bddwln hcnno t ivc  Qr-qnrqt)* 
"Tho Bnldwin Lo~nnot ivo  (lonpaiv proposas t v  preparo t o s t  

spocinons, both tho shot& mid pant3trat;ion type, in accnrdanco t ~ i t h  
Spauification AXS497, vsing honogonoous m a r  of tho r o l l o d  ,and 
cast typq~ 4ocinon ccnbinntione vl$l, fnalude t e a t  platoo dl of 
ono typo of arnor md alhcr t c a t  plc.tas mdo up of a combination 
consfating OF rollod and cast plntor All t o s t  qocinens w l l r  bo 
1-1/2" thick, The olectrodc t o  bo used will be 25/20 type o n l y .  
Qur proposaT for the proparatiop of pinto dnas nnC a o n t o q l n t o  any 
pfohpnting or past hooting; s i n p l y  as ~ x i s t o n t  under conditioils 
&or whiah YOU havo to fabricator I 



There was eome comment that 25/20 would no t  be available but Schmitt 
e q l e f  ned that: 

'There a r e  eight  member^ of this committee and this  work is 
broken up among eight members and others of the g r o q  w i l l  be p e r  
forming work on the other types of  electrodes* We ere tr?.ing t o  
f i t  this work i n  with the  work already under way at the various 
p l a t e .  

A J o i n t  program on autamtic welding (Vnioabelt) isr t o  be carried on by 
Electro-Motive Corporation and A. 0. Snf th Corporation as explaf ned by 
Mr. Cble (Ac 0, Smith Corporation): 

 he program for automatic welding of armor plate is  t o  be 
nmde jointly with Mr. Ifrusk& of the El ectro-Mo tive and myself, 
de ta i l s  of ~lrhiah w i l l  bo worked out joint ly  as t o  pmoedures. 
Plate materid for these t e s t s  w i l l  be furnished by the Ordnance 
D e p a r t m e n t .  J o i n t  progrees reports may be furnished f r o m  time 
t o  tlmo. Test8 $0 be made on plate thicknesses of 1/2" and 1-1/2"*" 

As t o  electrodes Brmska explainad t h a t ;  
"We might use two W e s .  The 25/20 if wo can get  - $4, WQ 

are trying others, but w h t  thw w i l l  be is still to be dacfdod*" 

A comparison OF the H and Y type t o s t  pl~tes is t o  be made fis oxplea-inod 
by Mr. Lair: 

"Subject t o  conffrrm~tfon, York Snfo & Lock Compaqy w i l l  wold 
two 1-1/211 thick plates of homoganeaus armor, using tho Y and H 
types of Jo in ts  with each of two olectrodss, m o l y ,  25/20 type md 
nonaustenitic, The plates w i l l .  p~obably be fvrniehed by Disston. 
AL1 plates w i l l  bo homogeneous. Iqo b v e  included 25/20 as a basis 
of comparison. Wording in tho same shop in comparison with some 
austenit*~ wirer we don1 t contempl~te 'any prahe~ting. '' 

A contemplated program by Cnrnegio-Illinois Steel Corporation was 0%- 
plained by Mr. Bfbber: 

"T~ests rill ba made corrrpazing the Y type of joint versus the 
H type of j o i n t  i n  1-112" thickness only, using at lawt two dPf- 
ferent  types of ~ l a c t r o d e s ,  It i s  possible that Chrnegie-IZliaois 
may also t e s t  a third ty-po of slit jo int ,  The reason for the third 
type proposed, is that the H type with which you are al l  familim 
takes something like 96" of weld met& and t h t  i s  a l o t  o f  weld 
metal, and W e e  these jointa cost ly ,  The Y m e  has the advantage 
over the other  two t a e s  in that there is eomothing l ike  o d y  66" 
of weld metal. Thon the thought occurrad similar t o  t h t  which 
Mr. Hignett proposod but with one slight difference; taking n 36" 
x 76" plate and putting R hole here, using: the type of joint I d e  
scribe& this morning, 3/811 countersunk, those tm operations are 
about the simplost machining oporntioner Take the top and slit 
t o  tho type you propose t o  use, then you hive a jo in t  absalutoly 
locked up. Our practice  is^ t o  do our woldiw at w h a t  we consider 



the equivalent heat of R hot  s w e r t a  day, I believe in doing th is .  
Our workrooms a;ro kept a8 nice  nnd w a r m  as cnn bo, a d  f nn of the 
opinion ono of the simplest ways t o  g e t  th ie  haat would be before 
y o u  do your welding on a production baafe, to place a steam c o i l  
on thg f l o o r  and p i l e  the platers over tho steam, thoreby getting 
125'F. t o  150°F, very easi ly,  but our practice in this case w i l l  
be about 100°F,~ 

Mr. Bfbber explained that 25/20 nnd s e ~ o r a l  other  typeff of electrode 
would be used, 

I t  was explained by Mr. Curtis thnt f n t i g u ~  vibration t e s t s  are in 
process at Rack I'131and Arsenal on butt welds in 1-1/2" plate and T-joints 
in 314" plate. 

The Bureau of Ships, Navy Ilerpartmont, are experimenting with a restraineh 
j o i n t  t e s t  as described by Mr, Bissellr 

"We have introduced the rtorturo t e s t 1  which is about tho 
same, but the p la to  i a  t i e d  down to a heavy plate, We get as ex- 
treme locked-up conditions aa poeaibla. Wo have wed the worst 
conditions, because we wmtad something that would be useful in 
FLC~W practice. we have tried t w o  higkr~trength electrodes which 
have given us very good reeults on teneile impact and static ten- 
sile fa unrestrained deposits but both have cracked on the ' torture 
t o s t '  af t o r  about four passes, P d t h e r  work is boing dono on hfghy 
etrength eloctrodos bet the program iaatigated by OPM t o  roducs tha 
chromium and nfokel in our electrodes hczs us pretty wel l  sewed up 
now, The laboratory that does th ie  work i s  up tn their neqk. I t  
was interesting to noto even with 1/4It electrndeo etarting at the 
r o o t  and coming r ight  vp through gavo UB a j o i s t  that did not  crack 
with 25/20; t k t  is why wo Etro protty mob so ld  an the 25/20 and 
fighting t o  keep it." 

This coordinated progrcm on homgoneous p le to  ae above outlined was 
approved IW vote of those present* , 

Mr. Rouco prapose& thnt the penetration tost requirod bg AXS-497 be 
Wapped and that only the shock t e s t  be used as follows: 

"I believe we could do awp9 with the ballistic penetration 
t e s t ,  probably, which would save quite a bit of work. f think 
we $hould be uoncernod ch iof ly  with tho shock t e a t 4  Recently, 
at the Proving Qround, we more or loss accidentally rRn i n t o  an 
et'feetfve ahwk t e s t  projectile - n cast i r on  plug. Our present 
t e a t  reqwirFaa 75 m/m A.F. mc! since tho pene t r ~ t i o n  qualities of 
the 75 m/m A.P, are quite good, they go right through the plate 
and do not give i% a vcry sffect ivo shock test ,  If wo can h i t  
the plates and shoot some projectile t h t  doosnft penetrate so 
readily we Peal wa .bve given it R muqb more effective shock teat. 
AB a matter af fact,  i n  exparimentisg: ~ i t h  Mr. &eryta and Mr. 
Brugge's platee,  we used tb tc  We were nnt firing under spacifiaa- 
t i o n  and found i t  very affective.  We cgn raise t o  $ velocity of 



1200 t o  1300 f /g without Val$ much eff ectire penetrat ion a d  th8 
plate has t o  take a31 that shook whereas with the srmor pidrciW 
projeatile we can go through at thaG velocity and the plate daesa't 
take ~3 much shock," 

This proposal was n o t  discuesed because luncheon was then s ~ ~ ~ e d .  
Following luncheon Mr, Schnitt continued with the discussion of the re- 
search program deallng vi th face-hardened amor. 

Mr. Osha (her i can  Car b Foundry Company) stated that: 
"American Car BJ Foundry w i l l  rmke t e a t  plates of both the Y 

and the R types with 1" facehnrdenod armor plate. using the 25/20, 
the  modified l$/g md n non-nunto~itic elcctrodo. .Tho plRtes w i l l  
be supplied by tha American Cr?r & Foundry Comphlpt, We do not in- 
tend t o  includo psohd~ting or post heating. " 

Mr, Abbott (Diobold Safe & Lock Campany) str t tad that: 
"Tho Diebold Safe & Lo& Comphny \#ill furnish two fnco- 

hardened 'Kt t y p o  j o in t s  1/4" x 36" x 36". ono welded with auston- 
itic 25/20 electrodes, tho second with modified 18/8 eloctrodt~s.  
Thq w i l l  a l s o  furnish n third joint of the Y typo welded with 
25/20 alectrodea. The rosufts of pending t e s t s  on plettns welded 
with 2919 rod will be tabulatad and if tho t e s t s  m a  aatisfactorg, 
an H t y p e  plato weldod with th is  two of rod w i l l  be furn5shc.d tho 
Arsenal. Otherwise, roeults of Xobold t o s t s  o n l y  w i l l  be fur- 
nishod. " 

Mr. Sohrnitt requested n doci~ioa ns ta a suitable dntn sheet  for row 
cording noccssmy i n fo rmt ion  Peg~.rAing t o s t  pE~.tes. Thfs matter hnd 
been mentioned before md nt ' this3 time Col. Ritch i s  proposed the fox- 
lowing action: 

'I am wondoring if we ehould not :;at this  by correspondence. 
7% hnva some forms t o  submit a d  thoec fornig w i l l  be , w e e d  won,  
Thfs w i l l  ems L i m a ,  The results of pour criticisms w i l l  be car- 
relnted <md a f i m t l  form docided upon. Any obgections t o  t h i s  
procedure? We don't w a n t  t o  delay this, but I think that by handl- 
ing it with correspoadenoe thn t  w l l l  be h better way, Your com- 
ments will be approcihted ns promptly 3s possib~e. A 

Another point raised by Mr. Schmitt doalt w i  tb tho si tustion whcro t h e  
Ordnmce srmar inspoctor could undar present rules prevent the use of 
Rrrnor plnto  f OT t o e t  purpoaee, bccausc t h e  plat0 h d  not bson proved 
satisf~ctory by bal l is t ic  t a s t ;  m d  i n  nddi t ion al l  testa hnd t o  be wit- 
nessed by an Ordnance inspector and arrangcmente mndo through the o r d n ~ ~ l c c  
District Offico for shipment t o  R Proving Ground* 'Pfils ~lit lzztibn could 
delay welding devolopmont if porrnittad m d  was citod by Mr. Schmitt ds 
f ollowa: 

"One other phasa--it was asked by tho group that we should 
have relfof f ram tha Ord_mnco Tnspoctor f nsofar ae aevolopnent 



work is concerned. We would no t  want t o  involve the Ordnance 
Inspectors on the development of plate* Plate being prepared 
for t e a t  purpaaes should be bridled without gofng through an 
Ordnance Inspector. " 

A minimum requirement was b r o m t  wt by 001. Ritcbie;  
"The inapoctor ahauld be sdvised of the findings, but inso- 

far as the t e e t e  are concerned, I d o n ' t  thfnk it w i l l  be necessary 
for them t o  be on hand t o  inspect." 

and amglified by Mad. Atkins: 
nwe w i l l  have t o  be advised that t e e t s  are being made and 

material shipped to the different  proving grounds, " 

After Mr. Schmitt further explained that: 
"These tests w i l l  a l l  be made on ballietically approved 

plate. The thought Ln mind waa not  t o  go around the Pistrict 
Ordnance Office, but t o  eliminate havfw an inspector witness the 
t e s t s  the same day, atc. Some plants m a y  not have an inspector 
assigned to the plant, a d  he would b v c  t o  cal Rn Inspector and 
this would become a burden.') 

&j. Atkin$ expressed general pgreoment of the idaak 
"Anything t o  facilftnte getting the meterid to tha proving 

grounds and back w i l l  bo of help* This w i l l  sliminnte n l o t  of 
inspec t i o n  work. " 

Thie general program was m e e d  t o  by thoso present and Col. Ritcbie 
suggested that a1 t e s t  platas be radiographed for recardpurpoess. A l s d  
i t  seems deairable that the Research Program Subgroup should be oontiqued 
as s funotioning body. 

This program of t e s t s  above outl ined represontod tha immodiata p r o b l a s  
of interest to the other f~~bricntor8  as fm as wking tho weld is con- 
cerned, There me numerous other problems of t w l c  I a b r i c ~ t i o n  thnt aus6 
be studied as indicated by Col, Jenks: 

"hese programs that you are  undertaking now are immediate 
programs which concorn the f a%r ication of welded s tructuros and 
it i s  essential that we gat into certain other phases. This pro- 
Sam doeen't cover 'try any means the information that ehould be 
available in connection with the welding of tanks, Tn looking over 
some tanks that have been weldsd, tbera were Borne j o i n t s  that 1 
thought were pretty good and eome other Qpos t b t  were rather 
doubtful. It seoms to mo we should undertake research to deftno 
what type8 of joints acre permissiblo and desirable in walded tanlcs, 
One of o u r  big problems in welded tanks i s ,  ea hag besa indiaplteg, 
no t  the reqietance t o  ponetrat ion,  but rosistnnae t o  she*, and 
th is  deponds on many factors, One factor wh$ch 1s unknown md 
difffculh t o  analyse, is the factor of Jntomd stress, So far, 
ws haven' t considenod t k t  and wo urei going without benefit 



of stress re l i e f .  3 think that is a factor which ought to be 
studfed by a laboratory program - to find out w h ~ t  the value of 
streas relief is - g e t  some idea of w h a t  internal stresses U e  
se t  up and the effect of them. In t,tork of this eart ,  we me con- 
cerned with the metnllurgy of the base metal nnd d a o  the metal- 
lurgy o f  the welded jo in t ,  and the progrm so far does no t  go into 
these questions of studying those two phages. Eventwlly, I think 
we must give onr a t t en t ion  t o  the chemical compositian of our  
plrttss; we have t o  limit some elements. The question of the 
dilution of the electrode material has already been mentioned nnd 
the  undosirable q d i t i e s  of tbe d i lu ted  electrode materia hRs 
been reforrod to. A tank is a structure nnd the study of apeci- 
mefis does not give us an i n d i c ~ t i a n  of how the structure is golw 
t o  behave under certain sets of conditions. !qe might make f a t i w  
t c s t s  and get  some information on the  behavior of the metd under 
these conditions, but those fatigue t e s t s  we nuke on a joint, 6s- 
pecially a j o i n t  s t t e s s  relieved, do not give us RW information 
as to haw the structure kill behave, So I think we h.ve an enof- 
moue amount of work t o  be done in connection with the structure 
itself. Therefore, it is rry opinion that we shouldai' t be content 
with laying out a research program t o  study Borne of these ques- 
tions, which you as welding oagineess are interested in, but we 
should study t h i s  whole question and organize work by which we 
would answer these queetions in R scientific manner, and I hope 
this Committee w i l l  go ahead and W e  a study a n  a thorough baqisr 
on the  metallurgy of tnnk w e l d ~ n g ! ~  

Col. Ritchie outlined, for the benefit of those present,  other development 
snd reecarch nctivities which are in progress at  this  time: 

"1 & g e e  with w h a t  Colonel Jonks said. bwever, the pur- 
pose o f  th i s  Subgroup wns to go in to  those prablems which are 
more o r  less of immediate intorest in connection with productioa 
of b,anks; that phase rif the work is more OF less fundamental 
The b a s i c  side of  the work is being covereb probably not as 
thoroughly as it should be, but we have recommenda4 sometime aga 
to thc National Defense Research Councf1 euch points dealing w i t h ,  
welded atructures as dotermining s t ress  development, certain types 
of age-hardefiing a l l o : r s ,  effect of fatigue, a series of some s i x  
o r  eight problems which the N,.D,R. C. has under considemtion o r  
has had undor consideration a d  is now k & i n g  steps to put iatb 
process of solution. We also have at the fktartown Arseaal some 
tests which cze touched on in a ww in the program b f  the Sub* 
groq,  but which we didni t mention because the Subgroq was deal- 
ing with the problems of immediate concern; so the ent i re  story 
was no t  told by the Subgroup a s  fa3. as the fundamental side was 
concerned, The work which is being done through N4D.R.C. w i l l ,  
of course, be made available to this $ubcomittee as soon as f t  
becomes availhble t o  us and aught t o  be of benefit t o  tls a l l ."  



The development work under way and planned at Watertoyn Areenal was out- 
lined by Mr, Werner: 

''After the discussion yesterday of these induetrial ac- 
t iv i t ies  about which you've been informed already by Mr. Schmitt, 
the question c a m  up as t o  what Rock lsland and Watertown could 
do i n  the way of helping along on this project. Both ins t i tut ions  
are carrying on research testa  of vaxious kinder and at Watertown 
we are caxrying out  some work on w e l b b i l i t p  studies. That work 
in the past has dealt with atructurd dlloy at~els, such as are 
uaed On ordinary ordnance gun atructurea, Ws expect to continue 
that and enlarge the etudy t o  include armor, both of tho r o l l e d  
and cast type, facc-hardened and homoganeous compositions with 
probably a low carbon slectro&a such as we use on structural 
s t ee l s ,  and one or two modified onea, either 18/8 or non-austanitic 
electrodes to  aee what tho reaction on theso VAF~OUR plate m~teriala 
w i l l  be. Different preheats will be tr ied  when rre weld with these 
elactrodes, No jointa a r  brtll lstic tasks. With respeck to the 
point mentioned by Colonel Janke in regard t o  dilution, we might 
f i n d  some informtiog by using apectrppraphs in studying the dilu- 
t i o n  of the weld motd and nny offoct if mlght have on ths heat- 
~ . f f o c t o d  zono. Some work is being done on low-tompsrature impaut, 
using tho bar without tho notch, and fr,s far a@ I know thnt woPk has 
been carricd on on m e l d e d  armor. That work will 'be continued 
and results q evon$un;lly bo nv'ailabl~. " 

Col, Ritchio ~mphneizob that this progrmn,is not a progrhm t o  end a l l  
programs of drsvelopmont find t o f i t s  of weiding nrnor: 

"Supplementing these romrks, we will W o  t e s t s  of low 
temperaturn =md tempqr b r i t t l e  conditions. Arc thera  any corn 
mente on tho roports of the Subgrop with respect to the more 
fuadment,al s i d o  of  the resonrch? Don' t g e t  tbs thought that tho 
report of the. Subgroup cf 080s the programc Wo are open for sue 
gos tions. 

Tho problem of repsiring armor cns tings @ wo'lding without stress re- 
lieving was b~ought up by Mr. lmoryr 

"I would l i k o  t o  krve m oxpression from the  Inspection 
Division and i t  mny a l s o  involve ~ o m o  rcsenrch work: To w h n t  
extant can a Fired but unmnchin~d p o r t i o n  of a anst turret 'be 
walded with an auetenitic elgctroda without stroes  relief? I t  
seams to  me that aoma iqarfoctions w i l l  appersr up t o  tCle poin t  
where tho turret is randy for  shipment - tho f i n d  inspection 
will find some defact,  s o n a t i m  Zwgo  and sometimes small, , a d  
thoro soese to be a difforonco of opinion aa to what extant that 
weldtng oan bo dono, Now wo have wildod C R S ~  turrets wder Lt.  
Rood's suporvision with 25/20 and they have boen f i rad  an4  acr  
cording t o  hie report they s h o d  up pre t ty  good, and w e ' d  l iko to 
know why that cannot be done on a turret th,C has pnssad ovoryc 
thing but tha final inspection?" 



This question is caning more and more t o  the foref ront  as a problem for 
consideration because of the  desirabilfty for sal~aging castings in the 
steel  foundry and PaBricating shop. The inspection viewpalnt on t h f a  
problem was br f sf Ey explained by Col, Rehm: 

"We b d  a meeting about two months ago and that que~tkon . 

came up, and it was &greed where the caetiw had t o  't3e mchined 
over the weld you havs t o  stress relieve, but where cutting was 
not involved, yon o o U d  weld without strese relieving. I thought 
that was gone into  very thoroughly. As fws as I am coilcerned, if 
anybody c o d &  repair a ensting by welding so it could 'oe machi= d 
without heat treating or s t r e s ~  reliovfng, I would  accept it, but 
1 havenJ t found nnyone who could. I' 

The question was ref erred t o  the Research Rogm Subgroup. 

Col. Ritchie brought up the gues tion of small ~lurf~ce  cracks in plate and 
castings, which had baen discussed at tha previous meeting: 

I 

"Another matter whfch cma up at tho last meeting was the 
reject ion of cnstinga for amall cracks and for i n t e rna l  cracks 
on fac-Wdaned armor.. I believe Diobold aent plates t o  Aber- 
doan whfch were tested, and I believo these t e s t s  didn't  Qhow 
any eflargement of the cracks. I would like t o  have some oom- 
ment on tbt," 

Major Atkins commented on the rosults of firing tests nt ~bbrdeen  Provtng 
Ground: 

"At Aberdoon, we fired on six plates, P9ur showed cracks; 
two showed no crack8 at 811 under m a g d l u x .  Tha f o u s  thnt 
ahowad up under the mgmflux had small cracks in the  center from 
b o l t  holes out. We f iroa on those and got l i m f  te id the cracks 
but no matarid diff orence hetwuon ballistic limit of the plate 
and tho cracks, but the cracks extended f rom the face t o  the back. 
but did not extend longitudinally; just went  on through the plate. 
The mntter is ug for discussion in tho Ordnance Office, whether or 
no t  we can accept plates showing cracks, o r  whether we w i l l  have 
t o  reject. no deci~ion has been arrived st. Camegfe-~1limis 
did  the same thing for us ofi r o l l e d  plnte of homogsmous grado for 
repairing face tears md scores with welding, ~ n d  we hnd decided 
in the case of rolled homogeneous plate t h t  repair by welding. is 
advisable in the same wzqv as welded homogeneaue caetlngs. 11 

Experience in the phi lad el phi^, District with this problem wae outlined by. 
Mr. Jeffries: 

" M a y  I t e l l  you of some oxpariences in the Philadelphia 
D i e t r i c t  with sorb plntes which were face hardened. The plates  
were machined at one plant and returned to Henry Disston far  
straightening and inspection o r  heat treatment and inspaction. 
We then ran into quite a few cracks in the  hard facings, most of 
which do not extend into the back of the plate o r  very far f rom 
the eage o f  the plate into tha hrd-faced surface, At that time 



the Disston Coqany were repairing plates by welding wi$hout 
grfnding out  the crack. Ws took exception to th i s ,  feeling that 
i f  the crack was not  a hazardous crack wo might juet as well 
leave it there m d  not weld I t .  We submit ten Borne plntes En 

Aberdeen, plates that were not repaired, plates where the crack 
was n o t  ground out bat WRS welded, and plates in which the crack 
was ground out without doing anything t o  it. The reault of the 
tests,  don' II know whether Zt, Reed knows q t b i a g  &bout these 
t e s t a ,  but it indicated that if tho crack was not eeridus, you 
were jus t  as safe leaving the crack without doing mything  t o  

' i t  Welding of the creak without g r i n d i e  it out appeared t o  
be no wrso than welding tho crack, if you did grind it out, 
We are not grindSng out cracks; we are yt welding cracks; anB 
we are shipping plates cdntaining slieht cracks, By this  I 
meen that if the crack does not  go all the ww through, we feel 
that this  ,is not haardous plate, an8 we aocept this and ship i t ,  
We have $&en the viewpaint that vo can determino if the plate 
is n o t  o r  is haeardous. We do no t  rocomend f rom ou r  experience 
that the plaCe be ground out and welded, n r  welded at all.n 

This quss$ion of ~ u r f a c e  crack8 in armor i a  traublislg both  the Ordnance in- 
spectni  and the armor prnakar .  The viewpoint at Aberdeen Proving h u n a  
was indicated by Mr. house; 

nwe inspected quite a few platcs which hmf boen ~ o j a c t e d  
in accordance with our apocificntfons, Quits a number of the 
cracks m a  minute, We f e e l  th,t B crack nf this t ype  ehnuld 
be acceptable unloss, i,o-, p l ~ t e  i s  part nf n structure, 
or that part lcuhr  plate h s  t o  w$%hstand structurnl stresg. 
Insofar aB ballistics are concerned, we bellavo i t  would be 
doing hdrn t o  weld such a plnte, TOO, o u r  specif $cations state 
there shall be no cracka. The specification, howover, does not  
mean thid, I don' t think that it  would be pa saibls to  mi to 4 
~ e c i f  boation t o  cover f t ," 

To which Mr, Jeffriee added n note of caution: 
"We must be very careful, in accepting plates with cracks. 

It is di f f icu l t  t o  describe the critical l ength  or the dividing 
l i n e  bstweon satisfnatory and unsatisfactory plates." 

Studies of weld baa@ specimens of 1" thick cnat armor have been in process 
at Watertown Arsenal s h o e  the last meeting, Thoee stuil les have in~licated 
that a p06 t heat of lj0O0B'. for one to two hours reduces the heat-df  ected 
zone hardness of the single weld boad t o  about 260 BHN,, without affecting 
the brdneos of the cas t  armor i t s e l f ,  This e r n e  ~ o s u l t  mory a l s o  be ac- 
csmplished 'rry the use of a heating torch according t o  Mr, Warner: 

HWhen we found. 1300 would do the trick, then we wanted to 
f On4 whether you could tdce  tho same weld hqat-affected zone and 
torch heat t o  a certain temperature, watghiw the qolor by 6x0 or 
using an optical pyrameter and gat eimilar rasatq,  We simply 
heated gp t o  a goo& c o l o r  of cherry r e d  somewhore betwoen 1300 



and l40U0F., figuring the d r i t i d  temperature of that plate 
material was around 1475 t o  15M°F. I then checked these speci- 
mehs just roughlly with the pyrbmeter an8 the temperature in one 
caae got up to 145P, tut i t  was a good red heat and when held 
at temperature with the torch for 15 minutes, then cooled in 
air,  the section upon examination showed hardness mound 2501260 
Byinel l ,  which is in the machining fange, I am not saying you 
w i l l  not get # reduction in the hardness of the ca$ting; if yo11 
heat too hot, you will, but an axparieaced operator should be 
able t o  judge proper heat. T h ~ t  takoe case of the heat-affected 
zone. If you are using 25/20 electrode,, it doosn' t help a h  
there, On surfaces which are n b t  fully exposed t o  projectile 
firs, an ordinary low carbon electrode w i l l  make your repair a l l  
right, or better s t i l l ,  if you uae an electrode which givea you 
a composition similar to your cast srmor, this treatment w i l l  
sof ten it. Tho interesting thing about these torch-t~e~ted 
specimens i s  that there is absolutely no hset-affected zode left. 
Fhese data will be submitted to  the Subcomm%ttee as soon as we 
can get them worked up in suitable form," 

It was pointed out by Wr. Brugge th&t a similar effect can be produced with 
a mul t iple-pass technique3 

"We found 'by taking armor plate and woldfng, tlt first 
W i n g  ono bead, then W i n g  two boade (illutstrsting on board), 
where one bead wae laid on the armor plate,  the armor plate bras 
40 Rockwell C and a maximurn hardness of the fusion zone with 
one pass turned out to be 50 Rockwell C. With two passes of 
weld metal o h  there, not touching the armdr plate in tho sacond 
case, thnt hardnesg was brought back t o  40 bckwoll 0." 

I n  thc discussion which followed, it was pointed out that the method 
of $nFch annealing c;uLd probably not be effective f o r  treotiw largo 
weld rq&irs, and in no case would it afford tho control of temperature 
which 3s obtained by a furnace treatment. 

Mr. Hignett b r i o f l ; ~  discussed the use of stud wold ing  in England ns f o l l o w s :  
"We aren't nctually. uaiag spot welding in productibn y e t ,  

but we have devised a method whfch we could use if we fnurkd it 
desirable. The dif f icul t ies  of using are purely engineering 
ones, not metallurgical or welding ones. We are p r n j e k t i o ~  
welding ~ t u d s  clnto the face of nmor in an nrdiww p ro j ec t i on  
apot welder, the studs hcldin the die  and the pro jec t inn  weld 
handled in the usual way. Tho essentfRLs a r e  - we have found 
up t o  5/16'' diameter t o  be O . L i  but (rver 5/16' diameter and 
with the machinery we have a#aila%la, wo canSt apply the stud 
and g e t  a cclmplote weld oh the surface and have t o  cnmpensate W 
cther  means, %en we merely pro j ec t idn  weld that mild steel s t u d  
o n t o  the armor we got R brf t t l o  gone in the reginn thnt hP.8 Seen 
heated t o  the cri t ical  po in t  whfch we g e t  rid gf by pnst  heating, 



And, wp found i t  very necessary t o  control the post heating, 
We rnergxy heat belgw the crltical and never exceed the critical. 
T I  we exceed, we h v e  the s m e  state rse we did before." 

During the genera d'lscussion which followed, Colonel Reh  injected n 
pertinent uestion with regard t o  welding electrodes for armor: 

$at  of the disrusbion appears t o  have reforred to 25/20 
electrode. You also tell us that you cannot get this electrode. 
Chryeler is going to start on thier progrm - w h a t  electrode 
should they begin t o  use?" 

Mr. Warner ruplied t o  this  question as f 6 l l o w s :  
"In connection with the use of electrodes othor t han  25/20, , 

there are, of course, quite a number of modified electrodes in 
lg/g compositions proposed which, undoubtedly, hatre f i e l d s  of 
usefulness. Perhaps not &a extensive as 25/20 but nevertheless 
available, We hnve made t e s t s  recently with an electrode with 
2$ molybdenum in it. We have no impact o r  shock t e a t s .  As far 
as penetration i s  coficerned, the welded material gives a butt 
joint either in ofngle or double V of 100% resistance. h e 8  not 
roquP~e any frtqe Mdening  o n  it, any more than 25/20, No crack- 
ing. attitude has been, and s t i l l  is, t-kt even though a 
certain type of electrode has been approved, that does not  mean 
that XYZ fabricators can use the sane alectmdos and g e t  the same 
resul tsl I think either the H or Y specification with a shock 
t e s t  is 0. satiefactoq wny of finding out w b t  we want t n  know. 
T k s t  is one of the objects back of the Gubgrnup's work." 

I t  was apparent that, at this period of the development of armor 
welding, i t  was cansidered necessary for each fabric~.tnr t o  QuaLify a 
welding procedure with  each brand of electrode he plans on using for 
production of vehiclee, 

In thf s connection Mr. Jeffries raSsed a question about rsdi~graphy: 
"In that connection, f would like t o  ask a question. 

are going t o  have quite a largo number of procedure quallfica- 
t i o n s  and welders qualfficationa. We understand that the plates 
are required to be radiogmphed by Watertown Arsenal, t-r cwa the 
district at the nuanufacturer's plant radfogrslph those t e e t  plates 
and use the procedure test  plate radiograph@, of course, t o  corn 
pare all  welder qWif icatiohs tost plates?" 

To which Cole  Ritchie replied: 
"Not necessarily at Watertown A r s e a ,  but RW place 

where adequate facilities are provided to do it. Under proper 
eupemision, of caurse," 

Mt. Highett expressed appreciation for the courtesies shown him as follows: ' I w a n t  t o  thank you for the iaformhtian given me whi oh 
w i l l  make it possible for.us t o  win the war. I am taking with 
me something more vduable than  this, eorsething nuch aorrs easy 



t o  put over, I m taking home with me some of the kindest ex- 
pressf one to me through you and I can as&ute you that you w i l l  
have the stncere thanks of everyone to whom 1 speak whbn I get 
back home. 11 

It was suggested that the next meeting of the 8ubcommittee ahonld be 
held in Philadelphia, Pennsylvania during the week of the National Metals 
Congress in October, This question w i l l  be considered by the ~hairmax~~ 

The discussion during this meeting indicated that  there were questions 
regarding q u f  ty standards for armor a d  welds in Rsmor and methods of 
determining compliance therewith which wore plngufng ell concerned and 
which must be settled in soma fashion before large-sc~le mase production 
of armored vehicles could be possible. ft was e3eo ~pparant that tho ex- 
pectation f o r  accompliehant of this objective is quito optimistic. 

It was notable that nt th is  meeting tho subject of spot welding and 
flash welding of a r m o r  wfis not dfecussod. aweuer, a rather detailed dis-  
cussion of this subject b d  occu'sred at tho previous meeting in Cleveland 
in June 1941, and at thnt time the quaation of whether representntfves of 
RWMA ehould be invited t o  J o i n  the Subcamittoo was l e f t  undecided. HOW- 
ever it was thoughtdeeira%le by the Chairman of the hbcommittoe that the 
aid of the Ilesistance Welding Industry be Invited on this problem. Ac- 
cordingly, representatives from several resistance-welding equipment mam- 
facturers RS well  as Arrrly Air Forcee and Off ice, Chief of Ordnance ware 
invited t o  s greltmlnary meeting ~t Watertown & s e n d  on 27 1941 as 
explained on the next pwe. 



PrnIMIrnY mING 
SUBGQEIl4ITTJEE; ON RFSISTANCE I@LDIMG 

27 AUGUST 1941 
W.4TERTOtlrN ABSIWAL, T7AT3RTOWN, MASS, 

hring  the e a l y  part of 1941, when the Subcommittee on Welding of 
Asnor was being organised a d  the welding of armor program vas beginning 
t o  take on inereaging importance, it was realized that the Subcommittee an 
Welding of Brmor waa not  oPganSaed to cover the f i e l d  of Resistance Weld- 
ing. Since the importance ahd p o ~ s i b i l i t i s e  of this f i e l d  of welding were 
realized in comectios with the velding of armor and other items of ard- 
nance, it was considered desirable t o  organize a Subcommittee on b e i s t a n c e  
Welding t o  coordinate activities in t h i s  f i e l d .  

Accordingly, with the approva3 of the Ferrous Metallurgical Advisory 
Board, dteps were taken, in the summer of 1941, to organize such a Sub- 
comi t t ae  c o n s i ~ t i n g  of representatives from companies engaged in the manu- 
facture of equipment for resistance welding and representatives from in- 
terested se*ices. 

The origf- concept o f  the functions of this Subcommittee envisaged 
the applic~tion of resistance welding to all types of ordnance items and 
the organization meeting of the Subcommittoe proceeded on t h i s  'basis. Haw- 
ever, after a few months of activity (August 1941 - June 19k), it beCame 
apparent that ,  due t o  the urgency of the armor program, the wofk of this 
Subcommittee was concerned so l e ly  with the problem of resistaaco welafng 
of armop. It wxs, therefore, decided t o  incorporate t h i s  Subcommittee on 
Resistance Welding i n t o  tho Subcommittee on Ifeldlng of Axmor na the Ide- 
sistance biding Group* This was amomplfsh& in September ~ q h 2 ,  b f n g  
thia reletively short period of existence there were held three regular 
meetings o f  thea Subcommittee. 

The f iret meeting of the ~ubcorgittoe on Resistance Welding was held 
on 27 August 1941 st Watertown Arsenal with 19 persone in attendance rep- 
resenting: 

Resistance Welding Equipment knwfactur ers 7 
Ordnagce Department 
Arq Air I'orces 4 

Brig. Gen- k W. Case, LO,, opesod the rneoting and in his aponing ramarks 
explained the prtrposo of the Subcommittoe as fol lows: 

"I juet w ~ n t  t o  eqrsas my appreciation to all of you gent lw  
men for coming here t o  help us out ip capmectiolp. with this work 
and t o  welcome you t o  Watertown AraemA and assure you t k t  we axe 
vezy glad t o  have you hero and w i l l  'be very glad t o  co-aparata with 
al l  of your firme to the fullest extant, I don1 t know whet he^ 
you gontlemon know j u e t  what o u r  set-up i s  o~ the status d f  o u r  
subcanm.i~tees, I w t l l  cover it br ie f ly  in order that you npy 
know it. The Ferrous Metdlurgic@. Advf~ary Board is headed vp at  



this Arsenal, T h a t  is the advisory bawd on d l  ferrous metal- 
lurgf cal mt tera f o r  the  Ordnance Dwp@,r%ment. Thnt includes, 
of course,  3.19 the other Ordnnnse establishments ns well ha this 
Arsenal. T h n t  Advisory $o,q.rd ir;  used by the Chief of Ordnance 
ns h i s  advisory body on f ersous mctnl1urgica.l mnttars. Under thc 
aathority of that board, we hive orgnniaed quite tl numbor of  sub- 
commit t aes whose activit l ee  c.rc coordimted aad auporvisod % 
the Ferrous Motdlurgic~. l  Advinoqt Board, Tach of thoso subcow 
mittees hts n particular l i n o  of work or n pnrticul~f problom 
assigned t o  it, such as tho t~c ld ing  of armor plate. IVe k ~ v a  onc 
on cast mmor, ono on rol lad nrmor, onc on aircraft armor and 
scvcrd othors. Thoso committcc~ crro cornposcd, prPa,arily, of thc  
producers of t hc  t , p c  of mntorj.~J. covorcd by that subcommittco'a 
activities. ifow, tha quoation for you gontlcmazl is whothcr or 
not  n subcommittoa should bo org,wized for pasistance weldingr 
If so, V you gcntlamcn think it should, uhnt should be the or- 
ganization of it, who should compaso It, nnd such o t h e r  sclatfng 
questions as should came up in connection with it," 

Col. Ritchio, t ak ing  over nt thc colzolucion of den. Casr,' s romxks, 
fur ther  claboratcd on the suofsc of activity of the Subcommittea: 

"Zt would, ~ ? s  I seo it, c o v o ~  the m~tt or ns ln fd  down 
in thc objoctivo,  tho dovclopncnt of suitable resiatnncc wclb- 
ing ncthods for the mnnufncturo 09 armored nnd other ordnLmca 
structuras, This would in~ro l f ro  rcscnrch r?,nd devolopnent work 
as nay bo cnrricd out  through n ca-opcrntive progmm nnd facfl- 
itics avail~hlo cithar st your plnnts, nt this Arsonnl. or at 
o t h a f  Ordnance ostablishmonts, thc idcn boing t o  ~ l e o  whef04n 
and t o  whct oxtci~t i t  is  passibla t o  n-pply prncticnlly roeistonco - - -  
waldillg t o  thc  nmufncturb of Ordnm~co structures, Thnt in- 
aolvcs not  o n u  arnored structures and n i rc rn f t  construction 
but a l s o  a11 & b n c o  structures i:~hcrcin roeistcmco walding 
might bo proforfiblo or des~rnblc.~ 

The n o s t  Omcdintc problan 9~:l.z~ c-riphasizod by Cnl. Ritchia: 
" l h o  met inmediato problcn is thc welding of nmor,  probnbly 

as cpplicd t o  thc aircr<dt comtnzction, . n d  aleo our axnorod cnrs 
,m& other l ightly nrnorod vohiclcs." 

I t  was apparant fron thc discussion t b t  those  proecnt wore in g c n o d  
ngroorlont that tho  organisation of thc propnscd Subcormi t tee tuas do- 
s i r a b l c  as axprosscd by Mr. Gillct tc :  

"I think f ron  the oxporioncc that we hnvo hnd in vrx iou~  
jobs, n comittco of  t h i s  kind could help tronondouoly becauso 
thc oxporicnco of scvcrnl uscrs and r.nnufncturcrs is nlvs,?3ts bottcr 
than your own cx~ericnco. 'Phcrc b v o  Seon scno jobs which laavo 
vhrkod nut vory satisfactnrfly and other  jobs which we atill 
hr~t r~ l l ' t  whtpped. I t  ~0011s t o  no that a connittce of tho t ype  
ro-proselatod hcro night be nf a groc,t dc,d of holp townrd co- 
ord i~ -~Ging  n lot o f  th is  stuff cAd gotti=.  it  i n to  prndu~tion 
nucli nnro quickly than tho niunufacturors working alono. I f o o l  



that there is a definite f i e l d  f o r  resistance welding in a great 
deaL of the atuff I have W experience with, . Based on civ i l ian  
projects,- other than ordnance, there ha8 been a tremendous deb 
velopment and it has always helped UPI $0 speed thing$ up and 
give us, perhape, better quality in much ahorter tima,' 

The extent of tntereet o f  the aircraft industw was indicated by Mr. 
Spere: 

"The aircraft  induetry ie interested Orom the standpoint 
of clips and attachments which oan be spot welded t a  C h e  armor 
proper and then jig dxi l lod or attachod to tho aircraft struc- 
ture itself." 

The question of  exnhange o f  informat ion  betwean subcommittee members 
was discussod by CaJ. Rf tchie: 

"ther subcommittees k v e  car ta ln  mate~ial which they 
f e e l  should be hold as confidentid or 3estrScted with rospuct 
to their firm. T h ~ y  spend ,z lot of money a d  f eol they ahould 
have the p r f v i l a g ~  of holding that back, at least for tho t imo 
being, In those csserp, they have usually made avatlable to us, 
through the Subcommittoo, d.1 the Pnformntian whf ch they have. 
Howover, wharo they hwct materfel which they do not want t o  hpve 
disseminated fully,  thw t e l l  us and we reepc t  it aooordingly* 
We have had nc, trouale whatsoevsr in that regard. I think dl 
the aemboss, 75 or 80, now on these variauh; committom, rep- 
resent about 75% of the steel  capacitar in tho country, We have 
had no trouble; we have keteived much confidentis3 information; 
and we have pnssaod out many Subcommittoe reports, n procedure 
which we f o l l o w .  If we write a report here on mqr o f  o w  re- 
eewch work which we think would bo of I n t e r a ~ t  t o  the Pqdfvc. 
idunl members, we W s  a copy pnd scnd it t o  than, either wldor 
restriated o r  confidential covor, aa the cnso may be. We Bsk 
the compaaics to agree, howovor, t ha t  they w i l l  not disclose 
that informatioh t o  unauthorized sourcaa, In other  worde, keep 
i t  in their own confidentid files and u ~ c  it for t h e i r  own 
devalopmant. 5 say again that whero the company aaka us t o  
respect a certain phase* we do tha~." 

Since the Resistance Welder Manufacturers' Aaeociation (RW) is an 
organization of manufacturers of rosistmce welding equipmant the 
question of whether olrhor RWMA membor conlpanies in addition to those 
rqresonted at this meeting would desire t o  participate waa dfecusscd. 
Tho following pertinent comments wore xmde: 

Mr. Lewis  : 
"I bolieve that anch company i n  the reaistanco mnnufacturing 

f i o l d  has something to contribute to tho indvstry o r  it would n o t  
s t a y  in businesst They dl nake Zndividual oontributione and 
it might be posaiblo that the compnnfo~l not roprosentod night 
have something t o  offer." 



Mr. Kaunitz: 
"The a c t i v i t i e a  of sluch n comi t tou  wy be mde a h i l n b l e  

t o  the  R W .  Soma of the nenbsrs a r e  not Pittad t o  do the 
type of work we are discussing today, I think you have the nuc- 
leus a f  the .  heavy mchina wolders. I lcmw o u r  company would be 
very interested in haviw n m n  on auch a c o m n i t t e ~ . ' ~  

Mr. Ober: 
' O f  the twolre. I am sure there a r e  p~hps four o r  f ivo  who 

wouldn't take aqr active part,  I suppose you aould oxtand an in- 
v i t a t ion  mA sea w h n t  the raactfon i e ,  1 s t i l l  hRve s fea l ing  
that you would end with parhaps six or seven mentors from tho 
larger companies*" 

Mr. Wiso: 
"If it muld bc the w i l l  of th i s  c o m i t t o s  - if one of the 

mombers of  the ros i s tmco group hore would nutline at one o f  tha 
meetings, j u s t  roughly the pwpose of tho cnmmittee and w h a t  it 
is, and suggest Ef aqv ose of the mnbore r?esfrcrs rnerpbarship he 
might write t o  tho b i r r a n  at tho time md have it taken up 'at 
the next meeting4 It is quite possible th.t there m i & t  not Be 
any requests and you would still hnve the ca-aperntion af  every 
one of tho g o q  because they have had as opo~rtunity t o  requost 
membership. It would a l l  hinge upon tho rill of this connittoe, 
permitting someone to ,dvanCo tht at ono of the  resistance wela- 
ing meet ingsbf' 

X t  was augcestod Iry Col. Ritchip tbnt  tho Subcr3mmittee Chair- 
contact  t h o  Pxasiclent of INMA d exkond an i m i t n t i o n  for  nembership 
on the Butcommittee of the various R M ~  asr!hor companies who m n ~ r  be 
int ores t ed. 

Mr. Benker t comontod: 
NThat would be R smart idea, Tho noxt nwetfng is lfl or 19 

Smtomber in D a t r o i t  mil, when ho brings up t h e  conmualcntinns, 
he can bring i t  up and whoever 18 prosent can give a v0rbF4J. TO- 
port  and that  would be the best w n y ,  1 thi&,v 

I t  r~as =rued that t h i s  action should be tdcen anrl that a sub- 
committee as outlined by Gon, Cdse and CaL. Ritchf e should be formed- 

I t  was n~roed t h t  tho Su36onniCtoe Chirm# should Se a Service Rw- 
resentative hacause as Mr, Gillet te  put it: 

"Thoy understan3 the kautino end know h9w t o  contact the 
vmf ous service groups better thm tho nnnufscturinq concerns. " 
Cdith the nppraval of the group assenble4 the s e l e c t i o n  of a Sub- 

committee Chnirmn was lsf t t o  Gen. Case. 

Mr. Lewis .f njected the f olloving thourzht : 
'Thore is one o ther  p n f n t  that 1 w o u l d  l i k e  t o  Sring 

I inagine h s f o r o  t h i s  is over 'control1 is goin& t n  be brought 



f nto the picture* Of course, 1,Ir. Gil lette  represents General 
Electric but he is not particularly a control man. f wonder 
if it would be desirable to have a con t ro l  man on th is  committee." 

To this thought an objection wae made by Mr. Cooper: 
"I w o u l d  l i k s  t o  make a suggestion. If we consider control, 

then we m u s t  consider electrodeat Of we consider electrodes, then 
we must consider handling f a c i l i t i e s .  Pretty soon you -have 
about 50 on the committee. The association members have t o  be 
familiar with all of the angles, not only control but handling 
facilities, welding equipment, and actual  design. I wonder if 
we wouldni t get mra work done if we restricted it to a smaller 
committee and didnt t break it down. X t  is going t o  go up very 
quickly. If you consider, f a r  {nstanco, we have Genera$ Electric 
and Westinghouse - then we have t he  others." 

Wbioh was amplif Sed by Mr, Gillettet  
"There is also another aagke. If tho cornittea becomoe 

t o o  large and there is a spocffic problem, you can alwaya in- 
vite ono of the control m o n  or somo other special ist  t o  sit in 
at that particular meoting without being a pwticular member." 

bl. Ritchie explained tho requifementa with ~egard t o  handling of 
Subcommittee data as follows: 

I mentioned this releaee and din tribution o f  confidantial 
data. I w i l l  mention it again. A considerable amount of this 
i n f o r m t i o n  which will come out t o  the i n d i v i d w  mombers w i l l  
probably be of restr ictad or higher c l u s s i f i c ~ t f o n  as far as 
the service is concerned. In tht caec, o f  c o u r ~ o ,  we have $9 
ask that woryone who receives  that inforrmtion roepnct i t  ac- 
cordingly ~ n d  we rmturally ask t h t  you sign R receipt f o r  i t  
when you g e l  it t o  keep on file. To bo stwe that we know where 
it is gping wo usual3y ask t h ~ t  the firm or membership aame an 
individual who f s t o  receive the earrespondencar 1 s it the \ f ish 
of each of the members presmt tkt you be the one, the r e p  
resent~tive, t o  receive the correspondence or do you wish t o  
name someone oleto, In other  words, with whom s h ~ 1 3 .  wo cor- 
raspond in reference to the businoss of the Sub~ommit tee?"  

The r oply by Mr. Lewis: 
'As far na agr aompany is concerned, f would r ~ t h e r  receive 

i t*" 
WRB agreed, to by the other Induetri~1 reprosentntivea presont. 

Mr. Benkart raised question  bout admittance t o  wnF plants f o r  the 
purpase of rnnking euggestions as to possible uses of resfstanco weld- 
ing productfon E A ~  t o  obtain production informntion for tho use of tho 
Subcommittee, Mr, Levis amplified Mr. Bonkertt s remrks ps followst 

nAlong the l i n e  14r.  Bonkort was speaking 7 he ~ n d  I are 
both from Detroit and Mr, Knunitz, At proaont, unless you 
have some specifio businoss nt tho Tank Arseml or a s p e c i f i c  



@ machine t o  work OD, it 28 impossible t o  get in there. Would 
there be any p088ibility of getting in there, making armnge- 
ments for some of the Detroit members t o  get Into that arsenal? 
As I eaid awhile ago, it is juet ignorance an my part as t o  how 
exactly these things are conetructed. That is the way a lot 
of improvements have been made f n resistance welding. 1 know 
there are several plant8 we go t h r w h  re&&rly, look over 
the job and make suggestions as t o  possible changee in design 
or possible changea in manufacturing methods t o  utiltee re- 
ais tance w e l d i q  more prafitably." 

Col, Ritchio eiqreased tho thought thAt such a v i s i t a t i o n  might be arranged 
~ n d  that the matter would ba looked into. Thfsidea of arr~nging plant 
visitations was received with great enthusiasm by the industrial ropr3senta- 
tflves present and was briefly elaborated on by Mr. Coopor: 

"Could those meetings be rotated - hero, Frmkford, out 
there - each time in succession." 

I t  was apparent that the Resistasa Welder Manufacturers represented f e l t  
they were ehut o u t  of war plants and, therefore, welcomed the argmizat ion 
of th i s  Suboommittee as a means whereby contacts could be made. This was 
fur ther  emphaeized by Mr. Cooper: 

"Thore are defense plants no t  reprosentoa here - Frank- 
ford, Berwick, Chrysler. If those planta wore, acquainted with 
the aim af this committoo and arrangemonte were merde, then i t  
uight not be neceesary t o  rotate meetings. In a great many 
plficea where these problans come up, they have no knowledgo of 
what is gai* on here at  dl. I cppreciato the fac t  tht the 
personnel here would fully co-oporato, but a great many are 
n o t  hole." 

Col. Ritchlle auggostod how tho Subcornittoe organization night help out in 
th i s  situation: 

"Veil, through our cornittee organizatf on they will, in 
a normal way, be informed. I think your poin t  is goad. There 
w i l l  ba disseminatinn of the camit too  ninutes. We can point 
nut that certain representatives of the cornittee may be m6kinf: 
con tac t  w i t h  raspect t o  the prclblena and rwolhhehd that they be 
given al l  advantages with reepect t o  soeing eguipnent on which 
they are in a pos i t ion  t o  help." 

With respect t o  assistance on production problems, Mr, wise suggested: 
"Sane of your fims w y  not be informed that most of 

tho resistance w e l d i x  companies have rather  well equippod 
laboratories for conducting welding resistance research. If 
any problem presents itself at any ordnance plant, we are happy 
t c  have then bring or send tho problem with a cauple cf men, 
if they wish, and r l ~ e  Lha antiro eguipmeht a f  ou r  lnboratory 
t o  conduct rosoarch." 

To which all industrial repxesentativos present assented and ampahsized 
@ their dasire t o  co-opamto. 



To a suggestion that Subcommittee memboxe be given general entree to 
industrial war plants, Mr. Cooper sugges tad that: 

'If we were t o  ask for generel entree f o r  a l l  people in 
dl planter 1 don't know w h a t  the reaction would be. It might 
no t  be favorable- hppoee, through the c-hairmanship af this  
committee, a number of BPBCISIC probl~ma WET8 sent out and tha 
companies in answering and looking over such problems indicated 
that they had facilities for carrying on the work a d  were inp 
terested in carrying it further - some companies are not inter-  
ested* If thay were, at the time of making an answer t o  that 
p a t i c u l a r  problem they could ask f o r  specific entree  nnd haw 
permission granted, if posafblo,' t o  go t o  the particular plant 
whore it is going t o  be manufactured and see more or less 
specific details. I should think tht would bo R bettor w a y  
t o  get prompt ac t i on  than just generdised permiasion t o  .see 
a11 tho problems, concerns and orbn,?nco. 

f lk?~er  al l ,  we don't a11 want t o  go away with the general 
f e e l f x  and no specific l i n e  of action planned, We me a l l  busy 
and we don1 t b v g  time t o  hop all. over the country on matters 
in which we have no particular intoroat. To ovorl-abk things 
where we can be of material benefit  would be a big mista!erl' 

with reference to development work which has already boon dono in at- 
tempting t o  r e s i a t m c e  wold armor, Mr. Warnor outlinod the work dono 
at btertown: 

"Our work hero k.s been concerned primarily with homo- 
geneow plate 1/4" thick. iie hr.ve done some work with the face- 
hardenod type 1/4" thick. We. have had in mind two gsaeral 
methods: with tho homogoneous plcte,  we thought of attaching 
the 'clips or plate to tha homogoneous armor in the  enneebled 
condi t ion  and then heat treat t h o  armor afterwards nnd drP31 
holes and make connections; with tho face-hnrdoqod t y p e  - of 
course we havent t done anything with that mothod - wo have at- 
tempted instead t o  attauh angles t o  the armor in tho heat- 
treated coadftton, because with that material you hnve the 
f a i r l y  law carbon bnck m d  it is not so d i f f i c u l t  to spat weld 
the material, t o  that l o w  carbon material. Ye h v o n ' t  had much 
luck in putting on angles, On our  mmples, we ussd 3/16" or 
l /g r r  'bsck5n.g strip, On tho face-hardened plate, I t  stood up 
pretw well again3 t 30 caliber ~xmor-pi orcing ammunition. l'he 
enmple which was made by the method I first mont2oned, the 
angles stick completely to the 1/2" homgenaous plate during 
heat treetment. Thht is due t o  a sl ight  budtL'1zig or wdl.ping 
of the plate in heat. treatment r Just what the m x i m u m  thick- 
ness is, which limits us in applying the method, we don4 t know. 
?fe believe if we can spot weld dl thicknesses up to and in- 
cluding 1/2", i t  would cover tho ' f ield,  at least as far aa r* 
quirod by the combat and acout cars and aircraft intlustrgr." 

It was further pointed out by Mr. Ibzrnor: 
"Wc had i n  mind the armor alone, feel.ing that it was tho 

major problem as far as metallurgical aspects were concerned, 
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The aftacbment of structurd materials together by spot weld- 
ing is a problem, of course, We don1 t consider it as much a 
problem as the attachment of arriaor pl~. te .  As far a8 the a~ 
morad arzr is concerned, the armor  does not furnfrh the stnzc- 
ture. Thete is a frame used fn the armored ear. Y 

The primary aircraft alrmor problem was outlined by Nr. Warner: 
"It was thaught about th i s  c l ip  proposition that f~ 

the aircraft the Rxmor is attached t o  certain parts of the 
structure, t a  protect the pi lot ,  or certain parts of the 
mechanism in the structure and that it ie attached, as I un- 
derstand it, after the aircraft fuselage is put together. One 
d i f f i c u l t y  i n  putti& t h i s  armor on is that it is quite dif- 
f f c u l t  t o  drill holes in thie hard stuff and having to drill 
the holes to fabricate the piece p r i o r  t o  heat treatment we 
might b e  certain distortions taking glace. I t  makes it dff- 
f icu l t  t o  assemble APterwards, By using two cl ips of so f t  
materid, you need not be so fussy, D r i l l i n g  can be done after 
heat treatment and the piocb can be f i t t e d  very readily." 

Which was amplified by Mr. $ere as followss 
"I think I can answer about aircraft. The immediate 

problem is clipping. ThRt is, the present procedure is t o  
hang armor pro tec t ion  into the airplane,  more o r  less  as 
we s~ay  'drapcd in. ' It does no good; it just rides along c.s 
protection. 'She other  problen wo some clay m g ~ t  be able t o  

. answor is the poss ib i l i ty  of providiw a primary structure 
and usiw i t  f o r  something besid~ protection,  Ibe are a l s o  
a h o o t i w  f o r  more range and more load. &ery pound f o r  pro- 
t ec t ion  moans l a s i n g  t h a t ,  Our problem is always trying to 
g e t  a bottar, l i gh to r  structure." 

It was painted out by Mr. Warnor that all spot  QeLds in the armor t e s t s  
at Weztertonn were nade with s s ing lo  impulse for each spot, 

Mr. Brooker out1 ined tho Ordnance viewpoint as fol lows:  
"The two problems we m e  chief ly  concerned k i th  are  tho 

l i g h t  tank and M2 half track by Diamond 'T and k i t e  Motor. 
The plates are now fastened on by heat-treated maehlne screws, 
The wish fo t o  wold those plates instead of holding thom by 
the  machino vsctewsr As far as I know, we have no infornation 
a n  the ba l l i e t i c  strength of these fasteniws RS compared with 
EL fusion welding job, but we have been ~ i v o n  8 request to etudy 
the application af  resistance welding t o  those half tracks- 
There i s  an indication if Etnynne comoa in and proposns resistmco 
wold lng  wi th  straps and does na t  reduce the weight, it wont t  be 
favored. If we can el . ininate butt s t r ~ p ~  and machine scruws and 
reduce weight, wc w E l l  have sornethiig. f would like very much 
to see someone interested i n  welding v i s i t  tho White Plant  or 
Diamond T or Diebcld and discuss tho  thing with thom, see what 
they are q against, and try t o  l i c k  ths problen thore by re- 
ducing the weifat and fifvirg satisfactory b a l l i s t i c  parformrmce. 



That mans finding & company interested in preparing some 
specimens f o r  ballistic t ee t ,  both  by welding and machine 
screws. The M3 l i g h t  tank usee armof 114" to thick, most- 
ly 318'' thick. Maybe I am R l i t t l e  ambitious t o  talk about 
reefstmce welding that, but there again where we talk &bout 
welding a t& we should certainly try to eliminate reinforce- 
ment angles or butt atraps. They say a rather poorly welded 
tank i s  bet ter  t b n  the best riveted tank.' 

After a very brief discussion of facilities available for making experimen- 
tal amplea,  Mr. coopar aaed: 

"Has Mr. Warner had any detrimental ~Pfocter of adftening 
of the hard facing around the spotg" 

To which Mr. Warner replied: 
"It goo8 the oth'm w a y .  Xt shatters the bul le t  u n l e s s  

very high velocity projectiles are fired. Wen then it is 
apt t o  crack the projeatile." 

The meefing adjourned for lunch and R short tour of inspection through 
tho Ar~enal Weld Shop. 

In order to got etarted on pxanning some nccoptable development progxv, 
Col, Ritchio mbde the fo$lowing request: 

"Wo want t o  get dawn t o  specif fc problems, if we can, 
with tho thought of formulating something defrnite on whf ch 
we can procoed, Perhaps, as a ba~kground for that, it might 
be well if each of you wore t o  tell us very briefly about the 
type of work for which you have facilities, SW, research and 
development, the thickness of the plate you could hmdle, or 
my other comments along that l i n e  whFch we could have avail- 
able here f o r  o u r  own use ae the  problems cane up." 

The f o l l o w i n g  repltss indicated the general t y p e  of facilities available 
at the laboralosiss of the various apparatus manuf'acturerrs represented at 
thf s meeting: 

Mr, Ober: 
"b11, we have an eqarimantnl laboratory with equipment 

for  sovoral types of spo t  welding End butt welding, As far 
aa capacity, we are aomewht l imi ted  as t o  power, bht wo can 
handle up t o  about 200 K.V.A. capacity in spot welding. A 
lot of this work would fall wf thin thRt cstpac%ty." 

Mr. Kaunits: 
"We a r o  equipped quite similarly with n complete labora- 

tory, With a furnace and equipment f o r  RLI s p o t  welding, seam 
welding, but no flabih. welding of a q  size. ' We could very con- 
veniently handle 8po t welding. " 
MY. Wise: 

"We have in our labnratory a pretty complete l i n e  of spat 



weldiw equipment and projection weldiw; also, a rather 
large 700 K.V.AI job that w i l l  hnnrlle some s i d l e  material 
in the nature of' projection asd spot welding. Then certain 
s i zes  of flash and butt welding equipmen$ that w i l l  handle 
up to aome-thing about 3/$" x 2on, But we have machines go- 
ing through dl the time, and oocasiomlly you might catch 
a very large machine. Aa far as the laboratory i s  concerned, 
3/sn by 20" would be about the rnaxirrmm siee for flash WLd* 
i On projection welding, we cam U d l e  about slnything 
right in our l~boratory.~ 

Mr. Cooper: 
"We have a flash welder t b t  w i l l  taka up t o  g n  x 1./4", 

a press welder, a 200 ZI.Vm.4. high-prearsure epot welder. It 

Mr. Bmkert: 
"We have a 400 X*ff*A* heavy du"Q welder, proea welders, 

heavy portable guns a d  fixtures and some automatic weldera 
t o o  l i g h t  f a r  this class of work. Then us have a fairly good 
big laboratory except that we don't have s2~y machines for ten- 
sile tost ing,  shear t e a t s  - we g e t  that dona down in the c o w  
mercial laboratory right In town." 

Mr. Lewig: 
Itwe hate combined spob and pro Section wslding up t o  

capacities of about 1,000 K.V.A. and 1,000 R*V.A* for flaah 
welding. On thia w0 can get probably 3/8" by 20" in f lat  
pieces or up t o  probably 20 squere inchos. tfte are limited 
by clamping capacity, We have fairly complsto physical testing 
equipment but none for  rnotallurgical o x m i n a t i o n  nnd teating." 

Mr. GPlleLter 
"With regard t o  spot welding equipment available, we can 

seam weld up t o  two pieces of 114" material, Euid with flaah 
weldfag., up to lotv wide by 2' thick, T h a t  is abut the maxi- 
mum, anything within those two mges.  wa have some other  
equipment adaptable for small work, complete tsqtiag equipment, 
X-rays, mgnaflux, metallurgical equipment 4f any kind." 

The facilitfesl available at  Watertom were autlinod by Col. Ritchie: 
"I would l i k e  t o  make I t  cloar that we have, I think, 

facflitiea to do most any kind of that meta2lurgica.l inves- 
tigation - %my, magnaflux, otchi=, mfcro$copic ex~nim- 
t i o n  - so if you have any of this subcommittee work or a w  
problems bearing on resistance welding, if vo can be of any 
assistance, planso call on up." 

It w a s  evident that tho first problcn tn considor w a s  that of 
deciding whore t o  s t a r t  in the devalopment af methods for rosistence 
welding armor. Col. Rftchie asked f o r  specific suggestions. Mr. 8 Benkcrt ilrlicated that the 114" th ieheea seamed the most logical and 
there was no disagreement with this suggestion. 



The establishment of a baeic welding procedure was advocated by Mr. 
Gtl l e t t e  nr a requieite f o r  application o f  resistance welding t o  any 
armor plate: 

"Isnl t it logicaf. to  establish r basic weldiag procedure 
and f ind out just how well thf s welds and the physical proper- 
ties you can get from the material? It seems to me you need a 
basiu procedure the f frst  thing before you can meLks a ctual a p  
plication, You have t o  know that it i s  basPcaJ.l.y weldable and 
the pragedurs yay ehould user for  the welding; whether it re- 
quires trubearquent heat treatment or not f o r  theam variom types 
of plate - whioh p&ae i s  more gatisfaetory. I f  we aan =tab- 
l i a h  some basis f o r  one type, it would help all the rest o f  tha 
 problem^ eso I aee it, You f irst  b v s  t o  knew just how well it 
welds, if it does, and than the agplimtfon should como d t e r  
that. There i a  no ame in nuking the application until we, know 
how we ehould procerd.'' 

With respect t o  the tessts t o  bo p l a n e d  by the grow, &, W l s r  mde 
a suggestion: 

"State a problem, call for volunteers, and BPP how you 
get along there. Apportion w h a t  i s  l e f t  to the group so r 
wholo. In that connection f waul& suggest i t  would be EL good 
ides if a l l  the armor and materid would como from one source. 
X had occasion to be involved in several co-opemtive researoh 
g r o u p  where we arcured our  own mataria and it was surprising 
tha wide differen*@ in materid that was purchased. Tho re- 
d t s  were con~idarrably mnfuaing and misls&ding. We should 
have secured e t s e l  from one common source, I a w e s t  a11 the 
armr aome from. one sourco f o x  all  this  ro~e=ch.~'  

On the question of plato thickness and type of joint,  &. Warner 
@Laborated fwthart 

'1 I i n  agreement with what both Mr. Benke~t aqd Mr. 
M l l e t t s  say. I think, unless the people from ths  air er amice 
have any other suggestion, the 1/4" i s  a good thlelrnoaa %a play 
w i t h ,  a t  l a a t  t o  start w i t h t  That  is, unlsrr you u#nt t o  con- 
sider two thicknermoa - 1/4It and 1/2It. I should thi& both 
types, homogeneroua and fqce hardened, should be eoirsidered in 
m y  tgsb beuaulse there may be differences in procedure bstwsen 
the two of them. 1 think that t h e e  different types of joiatB 
chould be consiclererd also. One 1s lap joint whws you s p o t  
weld two pfeoer together, one on top of tho other; another, 
tha flash-weldod butt jo is t ;  and e third, i a  to  connect 'two 
platem by mema of auxiliary angles, etc. Yau find that under 
certain conditiom you can spot wald plate together, c e r t a i n  
compoeitions l a  a certain way with crrtsin limitations involvrd~ 
You hate to  lplow that inforrimtion i n  oraar to design tho strur 
t w e ,  Tf you can put cl ipe on in some ww or mother  end make 
US@ of  that method of connection, i t  is neceasaq to know i t ;  if 
you can flesh weld tiad gat eartisfsletory resulta, th,t ia also 
an advantage, !I%B designer would hare t o  know thoae things,' 



Tha thicknesses of armor plato now being used to which it  night b e  
dosirable to apply resistance wolding were outlined by Ms. Brooker: 

wAs re ards sttucture, tho 5 Eight tank h a  o n l y  three 
pieces o f  172" armor, otherwise, nostly In mmoterial. I 3- 
l i eve  it is bra-faced and the  W half track is almost en- 
tirely of  l /kMr  So therv really isn't much 1/2" used. I ad- 
mit 1" is  a pretty big order." 

The minimum size of t e s t  plates required f o r  ba l l i s t i c  t e s t s  wns 
indicated as 18" x 18" for tast at Watertown although 12" x 12" c'm be 
used for 1/4lt plate. Aberdecn Proving Ground uses t a s t  plates 36" x 
36". It was indicated t h t  thare is probably no reais te~ lce  flnsb 
welder nvailabls to flcssh weld a section of -mar 18' x 1". A eec- 
t i o n  12" x 1/2" cr even 18'' x 1/2" might be handled according t o  Mr. 
L e w i s .  Also a minimum of f i f t y  simples should ba plnnnrsd f a r  in order 
t o  hme suff icient  mterifil to tost ny ono type of j o i n t  or plate  
thickness. 

With respoct t o  plate thickpess~er on which efforts should bo cancen- 
trnted fnr devolopmant of welding methods, Mr. Warnor co.montod: 

"I  think the biggest f i e l d  f o r  resistance welding i s  
i f i  tho lighter gnuges where it is hposstble  t o  f u s i o n  wold 
as yet,  find get the ballistic a t r o x t h  out of it. If WQ can 
successfully resistance wold up t o  112" we are going to covor 
rc large f i e l d  in fabrication at tho pxoswt time. I would 
l i k e  t o  horn  f r o m  tho air sorvfcc ae to w3ether t h a t  would 
cover t he i r  need at the prersont tima," 

With rofesance t o  tho needs nf the  aircraft fndurst~j, ldr, Spmo rcplied: 
"Wel l ,  tho current l i n i t n t i a n  is 1/411, 3 / g R t  and 1/2"* 

Wb don't know when i t  i s  going t o  c-bnge arid go thickor. What 
those people C n p  do t o  tho best advantage even with l /4" plate 
t n  f ind  out w h a t  can bo dono would bp helpful." 

Mr. Coop& mde a suggestian with xofuronce t o  t h e  fundimentsl dtata 
&mired t o  be recorded in connection with any t o s t  maRe and the dl- 
l o c a t i o n  of wbrk: 

"It night be w e l l  t o  sxploso the field on 1 / 4 b n p L  f i n d  
out what should be dons, then go back and do It on 1/4\lus 
1/2". One of the suggestions I ,have, if thi8 program is go- 
i n g  t o  bo coordinntod, is thnt t h e  committee will no t only 
distribute the jobs according t o  machines m a i l a b l e ,  but g o t  
down a roeord of what wc want reported 9n the ~ a y  of welding 
variables so that we can interpret the results and mxke com- 
parisons* We need thnt t o  start with. Somebody w i l l  coma in 
and taUc about currents nneZ i t  i s  o. rmtter n f  collfuslan.~' 

It was further suggestad that, in order t n  limit the variables in- 
volved, thc test* work bc confinod t o  1/4" p!-nta until the P~niLt tn~nta l  
fac ts  about resfstance weXdiry3 ~f rtrnor are determined, This was 
emphasized by Mr. Gillotte: 

''1 think,  I ron  several angles, we should deternino f irs t  



the weldability of it and the'hethod t o  use in 114" because 
it is easier to handle, easier t o  test ,  and more economical 
than the heavier. If we can satisfautorily weld ~ / 4 "  plate, 
it simply means stepping up the equi ment a l i t t l e  in order 
t o  weld heavier plate of both ty-pes. i' 

The aircraft isdustry would l ike  t o  apply resistance welding t o  light 
al loys  accordiag to Mr. Spere: 

"This i a  the 1ighL a l l o y  steel containing aluminum and 
magnesium. " 

. . 

However, L t  appeared desirable to conftne the present activities 
t o  armor steels. 

The probablo ball5 s tic requirements for judgment ns to acceptability 
were discussed Q Mr. Warnor: 

'The Zap joint resistance spot welded, the butt . join% 
resistance welded by ei ther  flash or seam wording, and the 
butt jo in t  with the auxiliary oomect5ng: members spot welded 
to tho plate the thfee types which should be considsredr 
What i s  tho necessary requirement in each case? I suppose 
we would nek f a r  a ballistic o f  not l e s s  than 85s n s  we do 
in fuslon welding. Not on ly  tho r~sistp,nce t o  penetration. 
which gives UB an ~15$ vane, but resfi~tance to shock where we 
r~quiro 1& of the rosis tanco of tho unt~elaod plate.  Whethop 
we can ge t  that in resi.atnnce welding is a problem." 

!he pePforrmance values &Pe determined 3,s fo l lows  accordf ng t o  I*. Warner: 
"fbe a c e r t d n  specified limit for unweldod p la to  

mterial w i t h  respect t o  velocity of the p r o j e c t i l e ,  and what- 
ever is apociffed for that particular thickness of plate wo 
raguire at least g5$ for the j o i n t  itself. That id ,  on pone- 
tradian. As far as shock ia corcerncd, wllrttcver is specifled 
for the p l ~ t o  as to calibor of p r o j o c t i l o  md velocity we have 
spsciff od that the welded j o i n t  must stand up under the name 
e o s t  m d  t o  the Fs~zme oxtent as the unwelded plate." 

The desire t o  take advantag0 of any t c s t  data from provfous work and 
to have all laboratories acquhfntoa with what thoy aro t o  do was er& 
p b s i z e d  by Mr. Wise: 

"In order t o  keep in l i n e  wi-th &. hoporZs r e w k s  some 
time back ewzd keep everyone straight, would i t  be  poas ib le  to  
get Logothor a brief outline of j u s t  exactly the type of pro- 
cedure various companies should f o 1 l . o ~  in undertaking theoc 
various t e s t a  - particularly gfving us tho benofi t  of your own 
experience with spot wolding rtnd somo hints on fusion welding 
thot might help uacn 

Col. Ritchie rwlied indicating as follows: 
dl means, f had in mind malring up copies of the re- 

parts we have made here. We w i l l  include those made about f o m  



or fiver years ago arrd sand those copies t o  you for what they 
are worth, if anything, and at the same time, as you have s u e  
gested, we w i l l .  w r i t e  up what we think might be the procedure 
and t e s t s  t o  be ffillowed, I was hoping, however, t o  get a 
general indication f r o m  you gentleman today as to w h a t  you 
thought about the various types of test we should carry out 
and d s o  w h a t  the welding procedure should be," 

In the ensuing discussion of  flash welds the  problem of rumval of 
upset or Plash burr was prominently considered. It was thought that 
th i s  burr should be removed. Furthermore, aince thore i a  a consider- 
able differonce betwoen homogeneous and face-hardenad armor plate, ft 
was suggested by Mr. Obor: 

"I wonder whether it would save tine - thore me seven . 
of US and six problems - whethor it would be w a l l  far one 
f i r m  t o  taka the face hmdened and another the homogeneous 
and do tho s m o  work on it, rather than oao firm tackling both 
materiala. If there wasapt much difference, ono f frm could do 
f t readily: if thore was considerable diff orence, it would take 
twice as long;, You h v o  s i x  problems, 'three problems each as t o  
diff erant kinds of mater id*  1 would suggoat that it be divided 
among six." 

!his  apgeared t o  be a good i&aa but aftor a brief dlscussfoll, the f01- 
lowing offers were =do3 

Mr. Lewis: 
"I w i l l  taka both the homogeneous and face hardenod for 

butt weldi% and f lash  welding." 

Mr. HRunitz: " w i l l .  t&o the butt jo in t  with spot welded anglos on 
both fac~fiardonocl and homogeneous plate. 11 

Then Mr. Lewis mado a further suggestion: 
"Why not let each of these firms that are going t o  work 

on spot welding work on both matarialsl T b t  is on tho chanco 
that if they are not successful on oao, they m y  bo on the other." 

I t  was brought out in tho ensuing discussioa that no ono knows 
which amar composition hns bast weldaBPlity as fax as resfstanco 
welding ie concerned. Lt, ktthews indicated that the f ace--kcdonod 
plate is n 5% nickel steel with 0.20% carban in tho back and 1r05 
carbon in tho facor 

?Anther o f fe ra  were mde by the other industrial rcpresenGatives present 
as fo l lows:  

Mr, Gillet te:  
''1 can nuke tho lap weld on both face _brdoned and horn- 

geneous . ' 



Nr. Ober: - . , 

"We can take on ~ a y t h i n g  except t h e  f l e s h  wslding - - snd 
Beam welding. Any spot welding." 

Hr. Cooper: 
"I\k.y $ mzke n s u g e s t i o n ?  If hi? c:?nl t f l m h  welt! - I ccn 

du-plicc7.te the lzrork on f l n s h  veld ing  find yak wouldn't have three 
on spot welding.' 

Mr. Benkert: 
"1 qirbuld like spat w e l d i n g  only, ,Pr~riklv, 1 wnnt to. use 

both m~.teriF?ls, nnd I n ~ n t  t o  try "bath'tmes of j o i n t .  T h ~ t  
i s ,  r?.f tsr mk ing  f 61-t rrslc?s, if I f ini! one type of j o i n t  on 
plzte  i.mpossible, I cnn .PO t o  t h e  o t h e r ,  I do t h i n k ,  too,  ns 
a sugg~a t i on ,  -th@,t we h ~ v o  r stend.nrd -ouch ns we e d o p t o d  i n  t'le 
1 ~ , ~ t  A m e r i c ~ . n  Weld.fng SocT+t;y kndbook. tie ehou3.d forverd t h e a s  
gent3.emsn n cony of  t h ~ t  so thr?,t we, cn.r, a l l  S P B P ~  the s m e  
lnngungec T h ~ . t  would b e  benef i c i d ,  ,, '"e ~ r l l l  a l l  t a l k  Rbout 
t h ~  snm~' , f l e f in i te  terms ?.nil contra1 9s p i ~ r p n  there, It t?rill. 
o n l y  rk.msin For us t o  st~..nil.q.rdize' an the throe,% Aenths, t h r a ~ , t  
hclirhtci, second~rs 3m5., e t c .  II 

Since i t  i s  desir~bble, 9 s  mreniously pointed but brr Mr, C o o ~ e r ,  t o  establish 
crhn.t fundp~ment:.l dntn i s  t o  be recorded bv e ~ c h  i n t ~ e a t i g ~ . t o r  so t ha t  a l l  t e s t  
dsta c;cRn be inte~ll~antly c o r r e l ~ ~ t e d ,  Colonel q i t c h i e  mede t 'he f ollawing sup' 
f test ion:  " Im wond.ering i f  i t  l?ro~~l.rl.n't be, t he  Sense o f  t h e  com- 

miittea thn. t  somaone, nuoh F,.S Rr. G i l i e t t e  o r  someone else h w e ,  
p i c k  one oP two o t h e r  man or e.8 mr.ny 5s h~ t ~ i e h e s  t o  cons t i t u t e  
a'subgroup t o  work ur, 2 report  on those n o i n t s ,  f ? tonl t  !<now 
if u e  can consider  than t o d ~ y .  1 think Mr. E i l l e t t e  could do 
tha t .  If i t  meets with ~,~provc. - l ,  I tvould like t o  nnme you, Mr. 
G i l l a t t ? ,  ES Subgroup C 3 ~ i r r n . n ~  to r e p o r t  o n  th2t pnrticulcr 
p h a e ,  I f i l l  you se l ec t  anv o t h e r s  you w~y need to help :rouPt' 

Mr. G i l l e t t e  se lected i"l. Cooper nnd NT, Kaunitz as t h e  o t h e r  members 
of the  Subgroup. 

Since Mr. !IIEse b.nd n o t  previously inc?icnted a pr,rt iculr,r  phase of  the !410rk 
which h i s  organization 'cou!.d tackle, he rflised P p o i n t  3.s follows: 

"Colone l  R i t ch ie ,  hme s L 1  tha  iroblerne beon rtssigncd? 
Ke h v e  noat. here. I have been laytng b~.& to  see tntkut would 
be l e f t  over. Ve could t ~ k e  P.ny 2nd ijre would ta.ke what is 
left. Is t h e r e  any n~oblcm left? If not,' whht problem tlrould 
you . l i k e  us t o  undortnke t a  d u p l i e n t e ? "  

In thi s  c o n n ~ c t l o n ,  Vr. Brooker r ~ ~ i a e d  P. p o i n t :  
"It fitriJres !ne, f r o m  thi. e x 2 f i r i ~ n c e  o f  !olr?.t~rtown Arsena l ,  

t h a t  these  trelcls m d e  i n  ha.rd-f~.ceEl. errnor fire going t o  be b r i t t l e .  
There remp.in~ t h e  nrohlsm of ~ o s t  henting, T h . t  sounds f n n t a s t i c ,  



I suppose,, but is fairly poss ible  - efther e lectr ica l  or 
' u local ized gas heatin& mtght be safe. 

The question of post heating after cpmple t i o n  of the' spot weld 
was emphasized as .an important part of the welding procedure which is t o  
be de ternined, 

The aircraft armor problem was emphasized by Mr. Spere: 
"It makes no dlfferefice whether you make a continuaus 

connector or USB short clips es long as you gat enough strength 
to t&e the shock and hold the weight of the amor." 

He admitted that the proposed t e s t s  on butt ,  lap, and butt Joint with 
auxiliary connectors wor;ld give the desired informt ion  t o  ~ i r c r a f t  do- 
signera, This program, as noted f r o m  tho previous discussion, l inos  q 
about ns fo l lows  and was agreod t o  by the induetrial roprosentati~as 
present : 

A. Types of Joints  

1. Butt j o i n t  - ei ther  f lnoh o r  upset butt method 
2. Lap Joint - spot weldod 
3. Butt j o in t  - with auxiliary conneetors (butt $traps 

o r  c l i p  angles) attached t o  the armor 
by spot or pPojection welding. 

'30th homoganoous and facehardened armor on 
I/&" thickmoss. 

1. Mr. A, Hc Lewis - Swift 
2. Mr. R. T. Gfllntte - General Electr ic  
3. Mr. C. F, h u n i t z  - Ihtional 
1. $!r. 3. H. Cooper - Taglor-Winfield 

2 & 3. Mr. W, T. Ober - Thomson-Gibb 
2 & j. Mr. L. El. Benkert - Progroasiva 

2 .  1.b. 3, d, !Vise - Federal 

W~.testown will supply the armor plate, 

with referonce t o  d e s i ~ n  of aircraft armnr, MP. %its emphasized the 
problem pointed out by Mr. $ere: 

"Well, your experjment wont t do us any good when we come 
t o  specify how big a c l ip  must be t o  sugort  cer ta in  a rmor  
plate vrlleas you can toll u a  how strong i t  is going to bo." 

This point  of view suggostad that data other than b a l l i s t i c  d ~ t n  are 0 necessary. Bothshearnndfnt igueorvibratcrytes tswcrement ioncd.  



5 -  

The service loads on aircraft weldments are ackording t o  &. Spare: 
"Well, i t  w i l l  Be subject t o  a certain w m t  of normal 

vibration. The effect o f  shock enters in ,  but I am inclined 
t o  believe that the shock is more critical than the vibration 
i n  a i r c r a f t , "  

The Watertown viewpoint an f~t igw teeti= was summwized 'by Cal* Ritchie: 
"We feel., in respect t o  waldiag armor ~itructure and fusion 

welding, t o  get a r e d  fatigue test, we must t ake  the structure 
and subject it t o  all  conditions of t e s t t n  

According to Mr. Spere, the experfonco with fatigue t ea ts  of tho cantilever 
rotating type at Wright F i e l d  has been as f d l b w s :  

"We have had a similar set-up for airerkft materid for 
at least the last twrsnty years running continuous fatigue t e s t a  
on metal but havo W no real method of evaluating the rosults. 
1% know how many cycles, but how t o  evaluate it in terms of 
aCtW work has not been determfnedeg 

Mr. White emphasized 8 point of concern regarding the  methods of t e s t  t o  be 
used on the Subcommittee program now formulated; 

''1 woula l i k e  t o  make sure the results of tha~le tests 
are directly comparable eo that we won1% como in with dif- 
f erent methods of  test itg different  sized ~~ec imens .  I' 

Ih order t o  obviate the difficulty suggested by bkr White the pro- 
posal waa made that a l l  welded specimens be tested at watertown Areend. 
This was aciceptabl~ t o  n l l  concerned. 

Mr. Kaunite outlined a suggested method of procedure for sach laboratory 
which is t o  weld apeclmens for t e s t  at Watertown Arson&: 

"1 figure, in d i n g  spot welding samples, our. procedure 
' would be t o  determine the correct welding procoas, t o  produce 

the right weld, and repeat i t  on a sample plnto for f frfng 
tes ta .  Along with that  a-le plate,. s m e r ~ l  specim%ns of each 
individual weld should be made for different tests ,  I n  other 
words, wc might scrap t ~ o  or three dozen pieces in deterrninlng 
the beet  combination of factors t o  the weld that w ' i l l  
stand up under our tahts, then taka two final pieces and produce 
several specimens t o  send out here for approval," 

It was agreed that Watertown would spacify tho performance desired of 
the t e s t  plates. 

Mr. Marchant explained that with respect to fatigue testing: 
"I think the general opinion o f  the group is that f t  - i a  

d i f f i c u l t  t o  correlate the labnxatbry fatigue t e s t s  with service 
conditions in geneb.1. T h a t  is true, f a r  in general the labora- 
t o r y  specimens are specially made, ideqlical if posofble, and it 



ie impossible t o  produce .in thorn service conditions shch ns 
you h~.ve in the service.  Ibwever, we h ~ v e  on0 p f e c ~  of equip- 
ment available, rr. 5,000-lb. mechanical oscillator v i t h  which 
we have made soma t es ts  on, and recontky wo found soma sur- 
pris ing things. I think the fntigue *est irq would be of par- 
ticular fntorest t o  the Air Corps if wo could produce FL s-1s 
which would have soma semblance to tho aircraft structure, 1 
don1 t believe ordinary fatigue tosting specimens axe ~ c c u r z t o . "  

Col. Ritchie suggostod that: 
"Suppose we leaoo it that the sawics  representatives hero 

today  w i l l  write up w h a t  they think should bo the t e s t   ad send 
it t o  us. We w i l l  correlata it and send i t  out t o  tho industrinl 
members for their comment. Lot them docitla what t e e t ,  typo of  
spseimsn, etc . ,  we should use. ' 
This  was 'ngrocd as d o o l ~ r C t b l ~ .  

Some yrelfminary sketches of aircfnf't mmor welbsnts  mde up By Mr. 
White wore examined. The pusgoso of these sketches was explained by 
Mr. Whita: 

''Those brnckats worn mdo up Jus t  hs suggestions t o  show 
' 

you how lnrgo and w h a t  s h p o  ,and type brackets might be needod 
t o  support rather large sh~pes of armor+ Along with the brackets, 

wa have givan the a l z o  and shmpo of tho arnor  whfch might I& 
used. It wa8 our f i rs t  thought that  p ~ r h a p ~  UP, should &TO 

the axact installation of arnor such as t h e  p i l o t  soat with ar- 
mor plate on the back 6r bulk!,"laad, but we docidod since that  wo 
would just m a k ~  up shapes likn this nnd show how it night be 
attached and cone as close t o  ~ c t m l  installation ns possible. 
These are made up with one of our production lines ih view. 
To be sure, they are rea l ly  sirni1p.r constructions, with  the nr- 
mor plnte weight approxiaitely as tga w a n t  it, So, if you should 
happen t o  decide to take these brackets and those s i z e s  of a r m o r  
plate kqd test then, we would really have some q ~ l i t r c l ; l v o  ovi- 
dencc because wct knov this  is approximtely what is going t o  be 
used for the prosont RLTtfaz7r Should we ~ ~ ~ d c e  t h e  brack~t th inner ,  
thicker, incronso the lcngth, g e t  m o m  aroa, or w h a t ?  Theso are 
just guesses but wo sketched it out to give you an idea. Thcre 
might no t  ba enough brnckets. " 

It was adnittod that tho skotches had beon mdo with arc we id in^ in view* 
It w a s  s*%gested that similar sanplos be mde up with rivets for cow 
p a r i s o : ~ ,  but Mr. IJhite stntcic. that rivets had nevor been uaed for this 
type of installation, Althou(:h Mr. Wiso expressed n willingness t o  try 
t o  weld up aaaploe o f  this typo, Mr. Spcre comnontcd as f o l l o ~ f s :  

'St is alren4y pravidob for in the i r  welding of mgles .  
This is Rn indication of an nctw,1 s ized plnte or e i r n i b r  t o  
actual pla te  put in one of the plancs at the present timo, a 
typical pursuit job." 



On the problem of annealing plate Mr. Spere commented: 
"We would be interested in that  in only one way; in repair 

work or cutting holes through the plate t o  extend some cont ro l  
or change, but our aircrRft manufacturers would be tickled t o  
get ipfbrmation on anything in that l i n e  so they can relieve 
themselvesi of some of this trouble thsy are having wi th  armor 
right now. This problem really i e n l t  one tha t  we have t o  handle 
ourselvee. le would l i k e  t o  be able t o  t e l l  the manufacturer 
the bes t  inqormation we have available. I' 

In view of t he  o f f e r  of Mr. Pise t o  weld up same of the samples ac- 
cording t o  1.k. White1 e aketahes* Mr. l?ernor made a suqgestfon: 

"I waa going t o  suggest that I think #2, the lap joint, 
i s  moat d i f f i c u l t  t o  weld satiefactorilyr S t  probably re- 
quire~ the most work, and so fax, wo bavo two manufneturers 
on each of theso probloms. If Mr, Wise would consider thgt 
pnrtictilar t ipa of j o i n t ,  I th ink it would 'oa v ~ r y  desirable 
for him t o  tackle it. The idea seams t o  bo, if possible, t o  
gat away - wo rexo talking now about our smut chrs nrfmrily - t o  get dwey from auxiliary menbere and use spot welding. 
The idea of the deeignera h a  baen t o  sinrply 1 ~ p  tho arrnoP 
plate as you would two pieces of structural steel,  and epot 
weld them together. That i s  rt v c r y  diff icult  problem. I wbs 
going to suggs~t that it would be a good one for Mr. Wise to  
tficklo. 

To which Mrr Wise repliodi 
''1 would be vory gl&d t o  do it or, if in the maantimo 

you decide on something else, I w i l l  just leave it t o  y o u r  
judpeht, whf ch problems you might pr ef or t o  have me work on. 
If  Rome other problem comes up and you would like some immedi- 
a t e  work, I 1.roW.d be glad t o  take  it  instead." 

It t b ~ s  decided tbt for p r e l i m i ~  testing of welding machine 
settings prior t o  mnking the f i n a l  t e s t  specirnene, the experimantars 
waul& nse'd mare sml l  ~ c r a p  pieces of armor plate. For epot welding 
thebe atrips 8' x 11- 2" sr.tisfnctory, but f o r  f laeh welding the 
ratrip should be gU x 1". 
The intnrest'of the artillery service rms In l iontad  by Lt. Ohle: 

It%? nre of the opinion thnt this subjact, RS fnr RS t h ~  
arti l lery end of  i t  i s  concornod, will more or less develop ns 
the manufacturer geta around t o  sea our mterinl* The more they 
see of it, the more they w i l l  be able t o  find plaeee whore th is  
can b e  usad much bettor than WB cnn." 

With referenca t o  the number of e q l e e  dosired f o r  each test in Answer 
t o  queatione from industrial rcproeentatives, Col. Ritchia rom.rked: 

"Two or throe of ocrch prtrtfdar t y p o ,  both 8s t o  c o w  
pos i t ion  and treatment o f  plnte ~ .nd type of joint." 



6 -I 
The question of spacing of s p o t  welds and amount of lap m e  diacunsed. 
It was apparent thwt no one had any data on which t o  base a recommenda- 
tion. A l l  experimenters w o y l d  have to start from stwatch. On the ques- 
tion of structural strength, Mr. Wise remarksd: 

"I am incl ined t o  believe the structure3, strength will 
be far in excess of anything you w i l l  ever hope t o  use." 

To which Mr. Warner added: 
"If the welded j o i n t  would s t a d  up better than the present 

bolted j o in t ,  that is a help. I hm not p~rt iculhrly  worried 
about the spots being better than what we need rtructurally. 
Four o r  five or s ix  cl ips around a plate with two or three or 
four spots on each should be sufficient. 1 am not worried as 
f&r as the straight shear load is concerned. It is the impact 
9f a project i le  which must be with~tood." 

There WAS in the minds of some industrial repreaontatives the t b o ~ h t  t b t  
some laboratory t e s t  might be used on smll specimens t o  onable prediction 
of baJllstic performnce, This was auggs~ted by Mr. Lewi8': 

"&en we make this test there is no one method we can 
use even t o  obtain the approximate resista,nce t a  penetration, 
j u s t  f rom hardness and impset values or nwthing else. II 

To which Gal. Ritchie replied: 
"Well, we can give you the  hardness of the pla te  t o  deter- 

mine resistance t o  penetration, but no thing on the welded Joints, I1 

Mr. Warnor c i tod  nn experiment made at Ifatertown usiag .IS0 Gal. A. P. 
bullets: 

"% tr ied one experiment a'nwnber of myems ago. We took  
A 12" x 12" plate of 1/4" thlcknoss, and put spots ln apmt 
ail over it l i k e  a checker board, and then put spots in the 
middle of the squares. 1% ha?- it f u l l  of spots, Well, the 
first two or throe rounds we fired, ths bullets  just shattered.; 
after about two  or three litte, al l  of a sudden, a big hunk of 
the plato was punched right out. 

With respect t o  the next neeting of the Subcommitbe, it was decided that 
such a meoting should not be hold until after the teat; program had beon 
eomploted, ao that the d a t ~  would be nvailablo for discussion, This w i l l  
depehd on how adan Watartot~n can supply t h e  armor and how rapidly tho ex- 
porimenters can produce the t e s t  plates. It was mggoeted that  tho date 
be left t o  the Chairman, t o  which Gal. Ritcbie  replied: 

"1 expect we will probably have t o  l e ~ v e  i t  a t  that, be- 
cause it depends on hnw soon wa can got the plate into your 
hands; but the sense of the group is that we. ahodd have another 
meeting fr a month or s i x   week^, at l o s s t  as soon as we have sono 
of this preliminary w o r k  alaaned up." 

f t  was apparent f r o m  the concluding discussion that the industrial 
repreaentrtivos desired an opportunity t o  v i s i t  the Det ro i t  Tank draeml 
cjr same other w a x  plant. In his closing rornRT!za, Gen. C ~ s e  thankad those 
present for at tend ing the meeting. 



FIFTH 1IEETII;G 
SUBCOlQdLTTZ3 ON WXLDING C)F A3MOR 

FRIDAY, 24 OCWBJJR 1941 
. PENIT, ,kTELETI C CLUB, PHIUD?ZPHlA, PA. 

The f i f t h  meeting of the Sub~ommittee was held on 2b October 1941 
at the Fenn A t h l e t i c  Club, Philadelphiar Pa,, with  60 persons in attend- 
ance representing: 

Fabrf cators 9 
Elecerode bhnufacturers 9 
Armor Producers 7 
Ordnance Department 17 
Navy Department 1 
Guests 17  

This meeting a t  the Penn A th l e t i c  Club was arranged through the 
courtesy of the Arcos Corl~ . ,  t o  which Col. Rftchie expressed the thanks 
a f  t h e  group assernbled in his introductoEr rramarks. 

The Reid-Ati.ee Cohpany was elected t o  membership on the Subcommittee. 

qhore were a numbcr of representatives at thi! Slficonimlttee meeting 
from proapoctive f a b r i c a t o r s  of armored vokic los  who were considering 
taking Ordnance contrauts t o  build tanks. Those representatives wera 
invited t o  a t t ~ n d  at the request of the Officn, Chief of Ordn8mce. 

This meeting wres arranged RS a two-&;~t meeting for the purpose of making 
a plnnt v i e i t a t i o n  on the second day ac, explnined by Col. Ritbhie: 

"Ah &i part of th is  general neeti%, wo have planned, 
through tho courtesy of tho Baldwin Locomotive 1Vorks and the 
Philadelphia Ordwac~ Dis t r ic t  off ice ,  for a plant v i s i t  t o  
the Bddrdn Locomotive Works tomorrow morning, for those who 
want t o  attend and who are ontitled t o  attond." 

Mr. &-mo oxplainad detn i l s  of  the ~rrhngemant~ f o r  tho trip: 
"!he Bddwin hcomotlva Works and the D i d t r i c t  Office of 

the Orclnmco Drspnrtmont will be vary plens~d t o  b,va all who 
cnro to of this group visit the plant tomorrow morning, Tho 
instructions f o r  get t ing thera are very wcll  indicated on the 
paper thnt hr,s been passed around t o  you, We are g o i n g  t o  do 
our very best t o  hake tha visit of fnterost t o  you. We propose 
t o  t?&o you through our Yalding Shop and nleo through the f ~ n k  
Assembly Shop. As wa adjourn for our luncheon hero, or at such 
time as Lt. Col. Ritchie n q ~  dosignato, I have with me a series 
of passes tb-t w i l l  admit us t o  tha plmt m d  a l l  those who are 
dasirous of going down tharo tomorrow c m  asked t o  sign t h i a  
pass, so that I m y  return it to tho plant o f f i c e  thls af tornoon 
~ n d  have badges and such as thnt r e e a t  f o r  you as you antar  the 
g ~ t e  tomorrow morning,r 



- ----re- * Col. *itch1 e announced elect ion of t he  Zsid-Allor). Goqmllv t o  membership 
and, in cal l ing on Dr. bZfller for a few remarks, added a comment on Sub- 
committee activities as fa l lows:  

nI might extend my remarks back t o  a month ago to s&y that 
the  func t ion  of t h i s  i%bcommittec is to carry forward research 
and development work on welding vrograms, the service and in- 
dividual firms t o  act at tho goneral meoting to exchange ideas 
for the devalapmont of welding and actunl fabrication of armor. 
This is n waldfng forum for discussion of specifications, pro- 
cessiag di f f i cu l t i e s ,  m d  the l ike ,  ve hbve a nunbor of projects 
which Elre under way in the plants which were allocated at the 
last meeting - of whPch the Research Program Subgroup is an or- 
ganf z a t i o n  within t h i s  Subcormittee and which you w i l l  hear 
about lat cr on. " 

Dr. Miller, hid-Avory Conpany, commented a s  fallows'. 
"We kva becn mki-ng quita a f e w  25/20 typos of electrodes 

and ~ o c a n t l y  the OPM roquestod that tho various electrode mnu- . 

f actur ors andoavor t o  subntl tute eome o thor alloy for 25/20. 
Slctudly we are  using 27/22, Our work on t h i s  subject has been 
done using X-rw diffraction* Row Jlr, Thoma hns done pard101 
work using q n e t i c  tests. The object of the tests, of course, 
WRS t o  deternine the relative amounts of austanits and ferrite 
in the weld, along with chanicnl nnalysos t o  f ind  what w o u l d  be 
our l i m i t  of the au~tenitic range in tho wela metal as deposited, 
If  an rcustenitic doposit wero desired, Now, on the various t e s t s  
which we -bvo carried out to date, we have a range of alloys which 
m y  be substituted for 25/20, provided the austcnitic al loy is. 
desirable, vo know a large nmbar of then which will n o t  givc 
us any austafiitic dwposit." 

Since a cocsidorablc number of reprosontatives of prospective asmar f n b r i c a ~  
tors were present' C o l r  Ritchio commentedt 

nA nm%nr of other firms have been proposed for momberr 
ship t o  this group--Ford Efotor Company, General Motors Corp. 
(Fisher Body ~ i v i s i o n ) ,  Chnmpinn Rfvot Company, Lim Lncomotire 
ldorks, Pullman Standard Car, Unitod Engf nocring Cobany, A i r  
Reduction 3n'lss C c q ~ n y ,  and Oxweld Corporation. f think it 
would be appropriate at this time t o  cal l  on each of the rep- 
resentatives, or at least one representative of each of those 
firms, just to make a few remrlcs as to their interest in the 
Subcomm5t tee work, 

Comments regarding the activities of the v ~ r l o u s  companies represented ih 
the f i e l d  of welding armor were mads as given balaw: 

Mr. Vannerholm (Ford Motor Co. ) : 
"We a r e  conducting a. number of experimelrts on di f fe ren t  

types of welding. We have been work'ing on ~uatenitic welding 
rods and we aro also going into t h c  work of invaatigafing the 
poss ib i l i ty  of using welding rods of t h e  same c o q g s i t i o n  ns 



the plate.  We also intend t o  investigate the ferritic electrodes. 
We hRvenlt any data for publication ye t ,  but as soon as t e s t s  are 
completed, we will. 'I 

Mr. Biederman (Fieher Body bow.) : 
"I cannot tell you much now, Cole Ritchie, but r e d l y  we 

are in the same p o s i t i o n  ae Ford &tar campany. We are con- 
ducting a lot of t e s t s  and are apanding a lot of money, but we 
don't know anything definite, !Ve are just starting to crawl, I 
imagine wo w i l l  be corning through with aarne valuable information 
soon because wo are going t o  build tanks and w i l l  need a 'lot of 
information and might be able to develop of lot of these poblems 
as ve g e t  going. ??e will be more of a proving ground and ex- 
perimental s t e e .  " 
M r b  N i c k  (Champion Rivet Co.): 

UFor a number of years ChRmpion has been interested in jofping 
metals and have been in the picture in the development of rods for 
l o w  alloy ~ t e e l s ,  in particular. I b ~ l i e v e  t b t  aTmF plate is 
r i g h t  in the picture a0 f ~ r  as low allay ateel is concerned* For 
the past year and a half, I wuld say, we have been working d o n g  
with soma rnembws of t h i s  Committee, more or less in private, and 
have extended the use of our Laboratory and Rsse~rch Department 
for the rbds used in the territory made at our factory, and we 
wish t o  extend t o  the Committee as a whole the fadl i t ies  of o u r  
plant and organization t o  work along with the Committee." 

Mr. Miller (Lim Locomotive Co. ) : 
"Well, we are in the experiments stags also. At present, 

all we are doing is practicing with welders on armor plate with 
25/20, and as nosr as we can find out, that's the $&'eat thing 
t o  use up t o  date. While we figure it costs EL little more, at 
the same tine wo h e  not found anyona who could agree there is 
anything that compares with it at present. So, we f i m e  o n  slay- 
ing on the s a f e  side until we know that we are s ~ f e  in starting 
samething else. So, you sea, a31 we a r e  doing is j u s t  practicing 
on armor plate* with 25/20.'' 

Mr. Bosse ( m b m a n  Standard Car Mfg. Co. ) : 
"We have just practicedl a little b i t  an armor p l ~ t e ,  most- 

ly with 25/20, d t h a u g h  we have some particular plans, and as 
scan RB our plans are ready, t o  go in f o r  automatic welding f o r  
d i f fe ren t  types n f  steel. We m a  pretty much satisfied we h v e  
the type of joints we propose t o  use, and it is only A matter 
of getting o u r  material in. Probably at the next meeting we w i l l  
have an answer. " 
Mr* Eokberg (Eastman Hod* Co. ) : 

are completely new at t h f ~  game of armr p l ~ t e  welding. 
f?e M a  h d  Iota of experience in welding the high nickel-chrome 



alloys and we are ~onductlng some experiments i n  the welding of 
cast  armor plate to the homogeneous plate using 25/20. We hope 
we can be of aseistance in t h i s  program. It 

Mr. Ingram ( A i r  Reduction Sales Co.): 
"For a gr8p.t m a q  years the Air Roduetion Company has done 

a considerable amount of work on various Wpes of armor plate. 
Here in the past two yenra we have done considerable research 
eo fay as cutting is concerned. A t  tha present Limo wa are 
working on electrodes. Just what the development will be or how 
soon something may come along t ha t  w i l l  bo valuhble, 1 don't 
know, However, wo are very much intarestad in machining, flame 
machining plate prepamtion, at  the moment," 

Mr. O u t c a l t   i in do Air Products CQ. ) : 
"The Linde Cornpray has already bean doing some tvork on 

armor weldlng at the Union Carbide Beeoar& Zaborntory, but I 
think I can rofor t o  Ib, Blake, of tho Chryeler Carporation, Mr. 
Bibber, md Mr. Brookdr for apy ramrlrs thoy might' kish t o  make 
fibout it." 

Mr, Dhnso (CadiJlnc %tor C a  Cob):  
"We nra too new at this  thing. Wo are just getting s t a x t e d  - looking around - nothing at presant." 

Mr. Pem ( Indiana Lines tone Go) : 
"\lo too are j u s t  loaking into this thing,  !qo R r e  s o r t  

o f  privilngcd obsorqers tow. 1% are exploring the p o a s i b i l i w  
o f  intehse activit ies  in the welding f i e l d  - nrn just starting." 

A t  the o o n c ~ u s i o n  of the d o v e  rom~rke there WRS some d i s ~ u s ~ i ~ n  o f  the 
question of liaiting the size of the Subcommittoe. Tho question was 
raised by Mr. Thorns: 

ttColonel Ritchie, I ~ o n d u r  if there i s  any wqv i n  which 
we can tac t fu l ly  handla the problom of keaping t h i s  membership 
as a l i v e  merribcrship, and of dropping f ron  tha r o l l s  those  whoso 
attendance hrts dropaod or t h n s o  who have no t  been able t o  get 
to  tho  meeting^ f o r  no reason which #as been expressed* I ;Itn 

wondoring if those i s  somo w a y  by which %re can t ~ c t f u l l y  drop 
then from membership." 

The membership policy was statod by Col. Ritchie as fo l lowsf  
"The palicJt undor which those mmbershipfs hns bean organized 

is Just that, that the manbarship nuet be f lu id  t o  neet tho 
chnnging cond i t ions*  We must add new nembers t o  meet the chang- 
ing situation, and & you sqr, tho netnbess who firer no longer 
interested i n  the proposition or no longer have mything to con- 
tribute, should be dropped. I don't know if we hnve any mmbers 
who need t o  bo dropped exonyt possibly our b . s t  Armor Group." 



dol. Rehm objected t o  the suggestion that the C a e t  Armor Group be 
dropped! 

"I would liko to suggest that the Cast Armor Group stick 
t o  this committee because the welding of cast armor i s  a re- 
pair job, more than welding casting t o  t he  plate. And, fur- 
thermore, the cast ing is getting t o  be pre t ty  big and you might 
have t o  break those castings up, etc. ,  s o  th i s  i s  no time t o  
drop t h e  casting people f rom the c ~ m m i t t e a , ~  

For the purpose suggested by Mr. Thomas, Mr. Warner made a s$g-estion: 
"1 think somewhat along the eame lines, and furthermore, 

there are only four cast a r m o r  representatives on t h e  goup which 
is a very small percentage, but I do think there is sorncthing t o  
what Mr. Thomas has said, and I have ono individual in mind who 
has n o t  attondod tho last  three meetings of the committoo and 
has not acknotdedgod the notices which t-rere sent out notifying 
of tho meeti,ngs and asking f o r  an indlcntion as t o  vhsthnr o r  
not ho would attend aa  an inrlividw,l. I would st~ggca t, as a 
matter of discussion, in cose arqv representntivs or rnembcr of 
the  Subcommf t t o a  does not a t t e n d  o r  miss13~ Lhrac! Subcommittoa 
naetings in succession, thnt he automaticnlly be droppod from 
t h e  Cornmitt ee nnd recoive no fur thor  communicet ions theraf rom* " 
After a short discu8sion o f  t h i s  suggestion i t  was ndnptod with 

tho proviso that sa hltornnta w o u l d  suffice.  

fn n discussion of tho Subcommittee organization which f o l l owod  n sug- 
gest ion wcs mndo that a Group comprising eloetrodo mnnufncturcrs be 
formad to organize work on olcctrodo devolopmonts. Thcro wna n comment 
from Mr. Thorns: 

"Unless tho r e a t  o f  tha  group fsele it very desirable, I 
we no reason for formulating it now. My only thought is what 
would this Subgroup do - ~ n d  I think thnt  i s  the p o i n t  f o r  dis- 
cussion. I t  might be s a i d  ~ e r h ~ p s  that there  i s  nothing f o r  f t 
t o  do, t h t  we arc handling the  job sntisf~ctorily, I personnl- 
ly fool tharo fs R job for it, but I would l i k e  to have time t o  
put it i n t a  v c v  concrota suggestions, " 

There seemod t o  be Bone hositnncy on the part o f  the e l e c t r o d a  1&~1ufactur- 
e re  about tho dosir~bility of g a t t i n g  togetl~eer for s tandmdizat ios  at 
thie  time, This wns evidenced by Mr. Rrugge: 

"I think the Subgroup might do a good b i t  of work on that 
line, although each electrode mnufacturar nt the present time 
i s  working indepsndontly along l i n a s ,  o n  which there will be 
no agreement in the group. There is n very small l o w  al loy 
group, represented by my friond, Mr. Deppalor, and we ourselves 
ape doing a certain type of work about which our friend with 
the Arcos Corporation hore h s  different  thoughts, I think that 
each one of us in thnt typo of dcvelopnentsl work w i l l  do our 
best work i n d i ~ i r t ~ l l y .  I don' t th ink we can sottle my prob- 
lame there  OF certain type8 o f  electrodes that are ~ J r e n d y  



aertablished, but we can Cone t o  agreerlent on procedures which 
different concerns are ~t tho prssont time proposing, different 
procedures which only add t o  the confusion, and t h e r e  is no 
reaeon w h y  t h t  shouldn't be stabilized. I think there are , 
things along tha t  l i n o  that can ba straightonad out." 

An optimistic note regnrding tho size of tho Subcomittae was sounded 
by Col. R e h :  

nThis idsn of Subgroups is new t o  mo, but I think tho 
feel ing bahind it is that the c o m ~ i t t e o  is getting t o  be rather 
big; but you have juet g o t  to brace yoursolvea f a r  big businoss. 
Thnra me lot moro tank builders r~nd we h ~ v o  t o  do bnsinose, with 
tho people who m k o  tho arnor plate. The people who &a the 
armor plate h-ve t o  do businoss with tho electrode people. How 
about t ho  governncnt inspectorsP Thqrvo got to know the que3- 
ity of the m-tcrial ~ n d  suppliers of smo. So, wo fire going t o  
be Pecea with rr big cornittoe. To expedite business, stick t o  
the big businoes at hLzndL wo started t o  talk about wns ec- 
cepting the throe f i rns t o  momboxship in this committoe, I here- 
by move that wq wcept thesa three f i rm for membership in the 
camittear" 

Tho three conpanibs refnrred t o  m e  Ust ied  In .tho Agenda rind Col. Bitch58 
requeated deforn~nt  of the vota temporarily for discussion of tho Grow 
organization of the Subcormittee. Col, Jerks mndo F. conmont r e ~ n ~ d i n g  
the electrode sS tuation: 

"You hnve problens of inmadint8 production nnd you have 
problefns t h ~ t  inyolve the f t i t u r o .  I think this l a  no t ime when 
we must be limited by nerely tho individ=l e f f o r t s  of vnrious 
annufncturrjrs or suppliorsr f th ink we have g o t  t o  hnve full 
co-operation in every pnrticulcx. We have problens in the dsv- 
elapment of elactrodee ~ , s  w e l l  as prablens in othcr fields, and 
I think it is hip9-il;y desirable that v~r ,  hcve tho closest  co- 
oparnt ion amow the e q p l i e r s  r/f slectrodosc m d  tha policy of 
development be Inid down in co-operation. f believe also that 
n Subgrotrp of that s o r t  should bo hendod by someone who is fn- 
dqendcnt of the electrode industry i t s o l f , "  

Comments regarding proper nctivities of an Electrode Group were mdo  by 
Mr. LmQrnf 2nd Mr. Ef~ery: 

Mr. Lnndgraf: 
t'Howevor, I bel ieve a ranl' purpose could bo served i f ,  

ns soon as poesiblo,  rs listing o f  clectrodns pad the i r  ap- 
propriate rtpplicntions could ba - m d ~  in sort of n s ~ m s y  f o r m  
SO that when my nf us, or m y  future members of tho eroup, 
m y  run across fin unusual problen, nt lmst they would  h.ve a 
starting point from which t o  nark." 

Mr. h e r y ~  
"I am hear t i ly  i f i  favon of thi? t Subgrow if it merely 

lists the clactrodes find tho purposo f o r  which they fire t o  bo 



used. Later on, i t  may deve1a.o i n t o  a full co-oee.r~.tlve mew 
bership which 1 hone ft rt91-1. I think we have a Job t o  do, 
anfl the mare we co-one rat^ in orOes tn get that job under way 

f l u i c k l ~  ag woseible, t h e  better off tre will be, R 

It annears that the  general thought was while there  i~ould be no e f fec t ive  
collaboration between electrode mnufbcturers  en etan4ardization o f  elec- 
trodes f o r  elfl ing armor ye t ,  such 8 grourr might accompllnh some good. 
and should be orgmni zed, Approva WRS indicated by 8 show of h n d s  ~ n d  
Mr. Thomas was directed to proceed by Col. Bitchis:  

"It is the feeling we should have that subgroup, I fim 

wondering if the e lect rode manufscturere themeelves could get 
together today a t  the noon hour, as an individual group, and 
suggest your own Chairman - Cheirmnn of your own Subgroup - 
similar t o  w h a t  we have on the cnnsumers' side and have t h a t  
ready for a c t i o n  t h i s  ~ f t e r n o o n ,  Mr. qhomas, cnn that be ar- 
ranged? " 

The three companies l i s t e d  in the Bgendn were voted into membership by 
a show of b a d e ,  after which ldr.  Outcalt commented: 

"Oxweld c o r p o r a t i o n  o f  Chicago p r o b ~ b l y  ref erg t o  t h e  
Oxweld Service Company of Chicago, which i a  one o f  the Union 
Carbide cnd Chemical O o r p o r ~ t i o n  organizations, 1 hRve a l e t -  
t e r  f r o m  the Omveld Corporatfon, In which he suggeste that the 
Linde Company be the representa t ive  a n  the Committee, that he 
had made no request for membership. It occurred t o  me t ha t  
probably the Linda Comp~ny should be represented r ~ t h e r  t h ~ , n  
the  Oxweld." 

Since the  three companies voted on hnd been suggested by Mr. Brooker's 
off ice ,  he mrJe the fo l lo t r ing  comment: 

"1 should have known ? . i f f ~ r e n t l y ,  but believe t h ~ t  the 
Linde weople should. be nomimlly mentioned, Houre~rer, I would 
l i k e  t o  s ~ y  that f rom the  s t a n c l a o i ~ t  o f  our o f f i ce  we h w e  
prospective t ~ n k  mnuf~cturers p few nnw elect rode p e o ~ l e  
coming in *e ry  f reauen t l s ,  =,nd they a r e  ell ~~nxious t o  get on 
t h i s  Committee. 

Aocori!ine: to Col. ' i i tchie  t h i s  s i t u t i o n  i s  np~reciato& pnd it is 
d.esired t h t  911 who are concerned with the tank pr0qn.m be ~ s s o c i a t e d  
with the Subcommittee, 

Sfnce the last m m t i n g  suggestions f o r  n 1-relding d ~ t a  shaet h*.vc been 
circulated t o  the members of tha Subcommittee for c o n s i d ~ r a . t i o n .  The 
present  thought i s  that R single-page f o r m  should be used t o  zvoid t.he 
possibility that p-?ges of n multiple page form m y  become separnted and 
l o s t .  The purpose of this d a t ~  fo rm wns expl~ined by ldr, lfarnor es 
f 0 1 1 0 ~ 8  1 

"The purpose of this data sheet is the t  it w i l l  be f i l l e d  
out f o r  each welded t e a t  p l a t e  which I s  t e s t ed  at e i t h e r  Aber- 
deen Proving Ground o r  Rock I eland Arsenal on which we want t o  



preserve a cortplete a t o m  so that on this one sheet tho c o w  
ple te  story w i l l  be contained, It w i l l  not  bo noaereary t o  
knve one or two or throe additional sheets f o r  roclosd purposes. 
I don1 t k n o w  jus t  tho procedure for distributing this ,  'but it 
w i l l  bo necossn~y End very desirablrs that i n  cnso you make any 
test platoa for forms1 tes t  - ballistic t e s t  - thRt $his  ehaet 
accompany those t e s t  platee.lt 

It was suggsated by ldr. Thonms that provieion be mado for including weld 
metal analysist k, Wenrner comonted further: 

'Of course, we are interested in getting thie P o r n  standard- 
ized and in use so that we dont t want t o  trike t o o  much time to 
p l ~ y  around fixing it up t o  guit ra peraonnl idea on tbisr But 
the point Mr. Thomas mnkna is very psrtinent, find we nre going 
to take  advantage of a11 thoso connents ,znd mAks a sheet that 
w o a d  be ~cceptable t o  everyono. 1 don't think anybody w i l l  oh- 
j e c t  t o  the fact that wa h v o  complete in foPmt ion  on ench t e s t  
plate* We nre  going t o  correlate thoso results and try especial- 
ly t o  altor the troublos of tho  past, such as 'Ve doni t h v e  corn- 
p l ~ t e  ballistic inforlilationl,  or th i s ,  ax that, or something elso. 
O n  the o t h a r  hand. the or ig ina l  data ~lhee t  svbmitted had space 
in it for four plates. Persamlly, I don' t  think thara is use 
f o r  f o u r  pletes on one sheet* One plnte should be usod f o r  each 
sbec;t.'' 

Col. Rehm qucationed t h a t  hrmr co*asftion could be given on the form 
in viow sf I t s  confidential nnture. Mr. Warner raplied: 

"A suggestion was mnde that space bc provided f o r  the type 
hf plate* In other  words, you could+ co31 it 30 carbon-nickel- 
chrome, or 25 carbon-chrome-moly to dosignate t h e  type. We a r c  
concerned ih th i s  wolrling problen with the campot~ition o f  the 
plate.  Pooplo alronrly in some of t ho i r  aqarlmental work have 
done sono welding on plate natal, but they weren't sure a9 con- 
position ~ . n d  ran into trouble. In  apite o f  tho fact thnC those 
c o v o s i t i o n a  R ~ O  conf f ctentinl, we have t o  hnvo some Indicntion 
of the type of plr.te for welding. +rice will be prnvPded i n  the 
datq sheet for tho type and doscription of the plato if anyone 
is scared of putting the composition hwn, "  

The clnasfffed nature of the [?Ate was errpharsized by bl. Ritchie: 
"We should 30 careful n f  the compoaftian as that i a  con- 

f ident ia l*  7% dons t want th t  infnrnnt inn broadcast. Our df s- 
cussion in this room is n o t  to be c2isc1~ssod with unauthorized 
people. You will note that n31 o f  then ere under n classified 
Cover and should be handled accordingly." 

Thcro fo l lowed some discussion about handling data o h  plate compositionv 
and eleotrode compos,itionac Col. Rit~hia emphasized the confidential  
nature of the plnte f i~ta: 

"%are those compositions are furnished, they nust bo 



furnished under confidential cover so that paper w i l l  n o t  be 
passed out t o  unauthorized persons, I would l ike  t o  impress 
on the members of the Subcommittee that we have t o  handle thie 
materia under clesslf3ed cover; first, 'becaws the ragulat-lono 
a9 thg Ordnsnce Department r e q u i ~ e  it, ,and eecond, because we 
don't  want t h i s  t o  get out t o  unauthorized hands, bacause this 
i a  the kind of  in formt ion  for foreign agents.." 

The electrode manufacturersi viewpoint was srtated by Mr. Ewert;~: 
"1 would like to s t a t e  that as far as we know, we pub- 

lish .In all o f  our literature, not tho c o q o s i t f o n  of the 
olactrodo, but the c o q o s i t i o n  of the  weld metal that you 
get  from that electrode, which as we look at i t  is tho impor- 
tant  thing. It is w b n t  ie holding your pieces together that 
is impartant and not w h n t  you start with, so if you aek us we 
w i l l  t a l l  you what you nro going t o  get in the umffeotad or 
W u l t o r n t e d  part of tho deposit, but we may not t o l l  you what 
we actually start with," 

Tho fundamental purposo of t h e  data form i s  t o  accumulate &tn for 
future ref bronco fip oxplnfncd by Mr. Warner ; 

"1 m a  going t o  s%v that my porsoml opinion on tho tlso 
of those &,tn forme i s  that t h w  aro not t o  be broadcnst by 
the msmbors of the Subcommittee, They ara to bo f i l l e d  atat 
by the peoplo who a r e  rnidctng thc test plnta nnd sent in &long 
with the t e s t  pLate for official  OrWnce Department recordsl 
They w i l l  not be b~o~dcast generally. When the brall istlc test 
f s W e ,  of course, tho people who made the test plate and for 
whoa tho tes t  plate is being nado w i l l  have a copy of it;, Tho 
purpose of  the &at& 8heet is t o  collect information to bo used 
for official records for later correlation for  an,v conpoafte 
reporte that a r e  sent out t o  $ha Subcornittoe. As FL result, 
we w i l l  h v e  that dnta f o r  thoso roports. In those reports, 
composition wS1J be f i l l e d  in, D o t ~ i l a  are not naceasnry, 
neither me any cammercinl data o r  Xdontificntions given f o r  
obvious reasons, I don't think WEO naad t o  worry  about that 
p k s s  of t he  data sheet," 

Mr. Bibber aummed up the situntian RS fol lowe:  
"I wonder if this whole ~ u b j e c t  is one for th i s  Committee 

t o  docide. The reetrfctfons that are on these armor p l ~ t a  
coxposi.t;ions m e  placod by tho Arny, Now if the Arrny w m t s  
those discXosed on a v  kind of record o r  m y  form, a11 the army 
has t o  spy is t h n t  it sb-11 be dono. It sosirnu t o  me thet's R 

problem for the h m y  t o  dscida for i tself .  One speciFtZ  gent 
seys it shall  be secret; another agency ehvs t h t  it eball  be 
tliselosed, It is up t o  the Army t o  say whether i t  shall be 
diecloaed." 

Gal. Ritchie closed tho discuseion with the follawing comment: 
"That  ties in  with ny remark t o  the effect th,t mterial 
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data furnished on these f o r m s  mst be hnndled under classified 
Cover so L h t  i t  dooa not g e t  i n t o  unmthorized harnde. Thnt, 
of course, will ba the burden of thoso who rqaoivo this nlateri~,l 
t o  handle i t  properly. I think we c m  pnss on from that topic 
and change the  form t o  include tho  c lactrode analysis as sug- 
gastod without bothering you ngnin t o  g e t  the form in operation." 

A t  the request of Col. Ritchie, Mr. Mchwoll reported on the meeting 
of tho Research Program Group held t h e  prsvir.ous w: 

"One of the problems that tho  Rssenrch Subgrovp is hand- 
l i n g  is t o  determine the  rolntivo merits of tho H and Y walded 
plates for shock t es t  on p r o c e d u r e  q u a l i f i c r t i a n  t e a t s .  A t  the 
prosont time, Specif fcn t ion  ~ ~ ~ 4 . 9 7  c$Jls f o r  nn H plate and in 
tho past meetings thero have been considerable discussions ae 
to the relative merits of t h i s  H plate  and the Y plato far  shock 
t e s t ,  Sever~I rnombers of tho Subgroup have weldod both H nnd Y 
plates using di f ferent  types of electrodes. At present  wa have 
no complete results on the t e s t s ,  but at the next meeting of the  
Subgroup we hopo t o  b v e  c a q l e t a  reports from a l l  rnombers 05 
the  Subgroup, At proaent, f t h i r k  we can give you t h e  progress 
thnt hns been m d o  to dnte, One of t h o  b i g  troubles aome ex- 
perienced wna in obtnining armor plate. Some of tho membcrs of 
the Subgroup hnd no nmor plate ~~ailablc, md i t  .Ma t o  be pro- 
cured, ~ n d  thore is some d i f f i cu l ty  in connection with that." 

There fol lawod brIsf reports f rom v~xious menbers of the Group 
who are  ongaged in prqnring plates fo r  bnllistic t e s t  at Aberdeen. 
The York Safo and Lock Co. is now proparing two H type and two Y type 
plates for coqsr i son  of  25/20 with a l o w  d l o y  non-nustenitic alec- 
trode. Tho A. 0, Smith Corporation, together with t h ~  Electro-Motive 
C o r p n r a t i o n ,  is making H and Y test plntos by machine veldingc Some 
trouble is being; encqunterod in welding tho crossbar. 

The results of  work dano by Diebold S,afe ,md Lock Cowp~ny were nutlined 
by M r .  Abbott: 

"For instance, in tho q / g "  plate, ws found t h a t  the 
principal troublea n r e  di f f i cu l t i e s  i n t o  nhlch wa ran with dis-  
t o r t i o n  of tho p l a t e  and crncking of tho U e r l y i n g  layers of 
the weld motal. k i n g  down t o  the thinner and l/bl', we tiid 
nnt h v o  that occur because wa don1 t have the multiplicity of 
passes in tho thimeP motal, but thero was ,annealing nf the zone 
adjacent t o  the weld which gave low bellistic Pesults. Since 
the last  meeting we lmvo tested f i f  ty-five d i f f e ren t  types of 
j o i n t s  and welda, ,mil i t  practf cally all adds uq t o  tho s m e  
thing* I t  cloosn't ereem t o  maka nuch difference in the thin plate 
what rod you use, because a ~ o a l i l l g  seems t n  covensate for aqv 
tendency t o  crack o r  distor t  in there. Wo nre going ahend with 
our t e s t ,  but up t o  d a t e  tge h lwnys  come to that one answer. Un- 
loss  we can find snnoone t o  help us, I am afra id  r e  nro not going 
tn  prngross m y  further than we hnve gone. Yo nre the o n l y  ones 
experimenting with t h in  a r m n r  plate from 1/2" down, m d  there are 



considerable quantities of that  armor plate used in aircraft 
work, cars, otc., and we would welcome the addi t ion  t o  the 
Subgroup of any other 'membe~ who ie making or fabricating t h in  
armor plate tbt w o u l d  be w i l l i n g  t o  consult and work with us, 11 

Mr. Abbatt further e7tplained t h a t  these are being mde of 25/20 and 
1&/8 with both H and Y plates. 

The b e r i c a n  Car and Foundry Co, is preparing three H and three 
Y plates welded, one pair with modified 18/8, one pair with 25/20, 
and a pair with non-etuatenitlc low a l l o y  electrode. The C ~ n e g i e -  
I l l i n o i s  SteeA COT. ih callaboratioa with Einde bir Products CO, and 
Chryeler C o p ,  f s engaged in carryfpg on a program involving the weld- 
ing of both H and Y plates in 1-11 2'' and 2" thick cas t and rol led  

P 

armor using Unionmelt welding and &Is0 maw1 welding with seven dif- 
f erent electrodae. 

The Ealdwih Locomotive Cob has comp'leted prep~ratfon of t e s t  
plates on l / zn  and 1-1/2Ib ~ o l l o d  plnte as wall as soveral sections 
of the upper front  of the  Q huLl for toat ing  at Abepdeen, 

A t  Watertown ArsenFil weld bead hardness studisa are in progress on 2/2" 
and 1-1/2" rolled m d  cast  firmor with tho p q o s o  as explained by Mr. 
Warner: 

"We have two objects in view in thssa t e e t ~ ;  ono i s  t o  find 
out how much p ~ e h e a t  is necosanry to prevont the hardness under 
tho weld bead f rom exceeding w h ~ t  r o  consider t o  be sPfo limits, 
I won't s a y  w h t  these snfo  limits a r o ~  This m i g h t  hnvo t o  be 
decided when the reeults are aceumulatad, Another object  is t o  
find out how much prohee~t we wsn use nnd not  reduce t h ~  frardnoss 
of the bAso materfd.  As I said, tht m t a r i n l  'Is bcing prw 
prP,red. We hventt dono m y  welding yet, but expect t o  noxt 
weak." 

According to Mr. McDowell a fatigue tost ing progrm ie under trw nt 
Rock Ialnnd Arsenal: 

"In cannection with the fatigue program cnrried en by 
Rock Island Areeml, preliminary reports t o  date wore pro- 
eentod at the last meeting of the S~boommittae~ HoweVor, the 
preliminmy t a e t  included butt jo ints  only, m d  Pn the pro- 
posed progrm we are plnnning t o  use four typea of jolints! the 
90° cornor j o i n t ,  tho butt j o i n t ,  the 120' joint, nnd n T 
joint,  Those joints w i l l .  bo made 'using both e n s t  to c a s t  nnd 
aast t o  rol led  p l~ . t e .  The p l ~ t o  thickness used w i l l .  be 3/4". 
We plan ta use a 25/20 electrode, A t  the present time, the 
plates he.ve been propared and we plan to start welding i n  the 
very near future, probabu noxt week*" 

In connection with ehock teetfng of woldea t e s t  plates  it wne con- 
aidered ty the Group that R blunt nosed slug might be d o s i r ~ b l e  aa 
mentioned 'by Mr, McDawelli 

!'In cannoction with some of the o ther  questions that came 



q at the Subgroup meatiw, one of the quastions was the shock 
t o s t i n g  of these platoe  which were welded on t he  Research Pro- 
gram. I t  soemed t o  be the coqasnaus of opinion that  the shock 
produced by h b l w t  no88 8lug f i red  fit n o r m l  impact was much 
grea ter  than the impact producod By an A.F. shell f i r ed  fit fin 
nngle to the plate. It was suggested that this bo discussed at 
the  meeting of the Subcommittee, that In the firing of these 
weldcd t e s t  plntos the  blunt nos0 slug bo uaed in al l  of these 
t e s t s .  It is boliaved it would present the most severe shock 
condit ion.  

This controveray ragnrding slugs versus A.P. p ~ a j c c t i l a s  for shock 
testing was elaborhtod on by Major Atkins: 

"A proof hilug is n sore point  at the proaent tfmo, Thero 
has beoh n. l o t  of controversy at  the Proving hound and t h o  
Office, Chiaf of Ordn~ncc, as t o  whotker we should take proof 
slugs of unknown composition which h v e  baen nt tho Proving; 
G~aund some twelvo fears, f i r o  n piace of armor plate and gat 
consietont results, qhe Automo t i ~ e  Dopertmant thinkn one w c ~ f  
and I nm in the middle t o  mnke the dacision. Personally, looking 
at the results of the plhto, we do g o t  bending with the proof 
slugs wfth the fracturing of tho a l u g s ,  but not wfth n pro- 
j e c t i l e  whiCh sl ides on through, However, thoro has beon m o t h o r  
dovolopmont cnllod tho Sarnf-A.P,, which w i l l  deform s l ight ly  
and g i v o  us rz bulge in t h e  hck .  We aro investigating the pas- 
sibility of using thnt projecti le  or something sinilar t o  t-hat 
- simil~r t o  t ho  t a r c e t  practice pxojoctile in the 37 m/n s h e l l s  
with the inpact tost, t o  sea whether -we can overcono the p i e r  
ciag of the progectilo in thc nrnor plata. Personally, 1 think 
it gives a better wallop t o  the plate  than the A,P. projtsctile- I1 

Lt. Reed commented on the developrnont of tho proof alug: 
"I?@ h v o  developed tho use of tho proof slug s o r t  of on 

t h e  sP do and unof f icinlly. I t f o l l o w s  tho T. P. We are of the 
opinion that nny projectile t b t  went sliding an t h r o w  tho 
plCm.te, w o u l d  not tond t o  benil the plate as r~uch, would not  
come out fin the plate.  Tho next natural s t ~ p  was to g e t  a 
s o f t  def nrming 75 n/m prn j c c t f l ~ ,  an& having soon p s n n f  ~ 1 ~ ; s  
around, we tr ied to get them. Our uso of ~ r o n f  slws Ms shown 
that tho RLU+;S break up ;mil end up i n  twenty pieces, but tho 
plate a1w.y~ reoeives e pncrous dish nnd in Pirim at tualded 
p l ~ ~ t e s  I h v e  been ,.Lble t o  tnke the ?roof slugs ~ n d  band tho 
plata 3" or 4H along t h e  vertical l e g  of tho Y, which i n  w 
opinion seen8 to give R good shock bendf ng t a s t  t n  R r ~ e l d , "  

Upon request r;f Cbl. Ritchia, Dr. Aborn, KORC Invostigntor, commented 
on the metallurgical aspect of the arnor welding ~ r o b l e n :  

"As fa r  as 1 can gather from tho meeting yosterclpy, there 
is no sys termtic plan t o  s tuQ metc.llurgica1 &hr?re.cteris tics. 
It SO hiippens that t h i ~  survey being conducted by the HDRC was 
concerned w i t h  the welding aspects of welding steel, Therefore, 



- 
this i s  one p la t e  t o  start if the  Army Service fee l s  Chat is 
something that is desired, It seems there have been, as we 
s i z e  it up, a large number of t e s t s  made and now being con- 
templated on different types of armor plate with different  
typea of electrodee, different types of jo ints ,  procedures, 
e t c , ,  but there has been no systematic study made to correlate 
the mstallurgical aspects of those joint$. I am not  shving 
the carrelation,will give us the answer by any means, nor do 
I want f o r  one minute to hold up production. Production Sa 
the v i t a l  need at the present. But, at the eamo time, f think 
research i s  def l n i t e l y  Just if ied,  and as production proceeds 
troubles may develop and at that time research mery develop 
something t o  solve aome of these troubles," 

Col. Jenks commented on the general need for r osearch in the f i e l d  of 
welding armor: 

"The research thus far undertaken is largely around tho 
qualification test ,  which involves a Plat plate in a condit ion 
of i n t e rna l  stresa. Those tests axe e e a e n t i d  ~ ~ C R U A ~  you need 
t o  paas them before you hava ~ n y  assurance tht  your production 
welding is goiw to be at all satisfactory, Of courae, the iw 
mediate thing i s  gett ing into production - but you are going to 
continually run into problems that you would l i k e  t o  have aolvod, 
and some of tboeo are going to be concerned with the i n t e rne l  
stress: problems, rtnd aome of thorn nro going to be concarned with 
the design of tho j o i n t  and the design of the structure. 1 think 
that the magnitude of the work involved i n  the welding a f  tanks 
is going to increase v~ ,s t ly  m d  warrants a careful approach by 
laboratory methods t o  a l l  these problems. I think tho Suscorrr 
mi t t e e  should begin t o  organizo sya tomt ic  research by l~borntorp 
methode, independent of  production, independent of qulificstion 
t e e t o ,  ond that oome laborntories should bo spacialized on these 
problems. I would also urge that there is a difference between 
the b e b v i o r  of a f l a t  plate and the behtzvio~ of the structtwe, 
In the flat plate you h v e  tho metallurgEca1 damRge nnd the 
internal stress to contend with, rind I am thoroughly in Gym- 
pathy with w h t  was aeld about the progectilo f o r  A shock test. 
You have to analyze the engineering information availnblo w d  
take the best bet we can on a propsr nracedure; but when you anal- 
yze what i s  tho proper procedure, it isn't only the oorract case 
of A welded Jo in t ,  it is also a case of the. wnldod structure, so 
you should have a consciousnoss of the straee concentrnt$on which 
is present i n  tho walded struclture when you conaider what type of 
j o i n t  you want. We h v e  no knowledge of the behavior of welded 
j o i n t g  under shock mcept that l imited small amount we have been 
able t o  obtain at tho Proving Ground. We Lave done some work on 
repeated stressing on butt welds. We haven't the information on 
corner welda. We h ~ v e  no information on the behhvior of a welded 
joint under impact stresses. We don't know how tho prosence of 
inteanal stresses affects the behnvior of the joint i t s p l f ,  and 
thero ie a large f i e l d  for invaetigation. It is a problem of next 



year, the year c f t e r ,  ?,nd t he  y e w  nf t o r  that. I might hdd here 
that the Welding RescErch Cornittoo is proposing, through the 
National Rese~rch Counci$ t o  the Defenso Research Camittee ,  Bone 
fundamentd studios which involvo the rate of coo l ing  of n weld 
nnd ths effect of various rates of cooling upon different  etools. n 

Col. Ritchio elaborntod on both subjeota as follows: 
'Just oxtonding tho remarks of Dr. Aborn. a little fur ther  , - his group, as he indicstod, is W i n g  a s m o y  of  the  exfst- 

ing Litoratwe in that f i a l d .  In other words, to determine bhc 
strzto of tho art of welding, nnd t o  s a c w e  i n f o r m t i o n  on the  
methods now in use or -proposed f o r  wolding. nrmor. That work 
was i n l t i R t e d  ad the result of tho probloms on PundRment~l study 
l i n o e  which wo recommended for Wator town Areand. ~.b.out eight 
nontha or a yonr ,ago, I b ~ l i o v e  tho  work t o  which Colon01 Jenke 
makes ref erance t o ,  on tho Welding Rasearch Committoe, is ~ l s o  
based on some of  those probloms which were recommanded." 

To which reply was mndo by Col. Jenko! 
"Thatis true. Thoso problems got over t o  the 'itelding Re- 

soarch Council, They asked the C o u n c i l  for some advico on 
those proposed welding problenq. Tho Research coments which 
hVva been aubnit fed m a  intended as a p n r t i d  solution of those 
problems submittad by Hatertown Arsen,d." 

Col* Jenks also mdo tho comnont th:?t tho r s s e ~ ~ r c h  agencies of 
the American Welding Society w i l l  co-onerato with the Subcommittee on 
any welding problon suggoetnd. The fat igue testing facilities af the 
University of I l l i n o i s  wore c i t ed  as available. 

The pressing need f o r  tank production w ~ s  cited by Major Atkfns; 
"fiery manufacturer who cones i n t o  our o f f i c e  who even 

thinks he has cranes or floor space to do a welding job, we 
givb 4 1  tho i n f a r m t i o n  possible t o  see whether he can under- 
t@ce Melding. You must remember that t h a r s  a r e  vory few placos 
with the space necessary f o r  t h i s  tank progran, m 4  wo are 
terrifically prossod t o w  t o  find pooplc who cp.n do th is  job, 
Within t h o  next son th  I expect the program w i l l  increase. Whore 
i t  end8 we don't know, but every time I pick up tho newspaper I 
f i n d  where increases in tnnks a r e  cP31~d for. TVe w a n t  $0 barn 
in mind, now, t h ~ t  w h n t  WR rliscusa now w i l l  be a Kelp in pro- 
Auction in the next two or three months." 

Colt Rehm stressed tha need for welding roseczrch t o  be speeded up: 
"Unlass this r e ~ e n r o h  group works on p, double hnit triple 

shift force, wo won1 t be able to keep up with things. Just t o  
see the ncagnitu3e of thn thing, cast some ff gures nbout, l?e 
know that in about six months they w i l l  be using 300 tons of 
welding rod R nonth. If you oap do something to Smprovo your 

a weleing o r  sn.ve ct pound of we14 metal here, it must be done i* 
medi~tely, not next yaar. 11 



In the ensuing discussion of the question of w h a t  to do and how it 
could bast be accaqlished several pertinent suggestions were made. 
Mr, b r y  euggeatsd a compilation of available data. and experience: 

!'If the various people that are  starting theee reeearch 
program8 t~ build these tanks would get their information on 
work that has bean done, inetaad of starting f rom scratch in 
t he i r  own organf z a t l o n  and building i t  up themselves, we will 
be a lot better off, because we will got better results," 

I t  was suggested that a swnm#y o f  the material would be very useful 
because at present the peoplo in te res ted  do s o t  have timo t o  read all 
the  details. Such a svrvey fpl now being made by M)RC and the r e p o r t  
w i l l  ba a summary of ~3istip.g data according t o  Dr. Aborn: 

llYos, our  r oport will includa a l l  of tho opnrimantal 
data ~vhtilrible as wall as the practicos which are being used 
or contemplated nt the  present timo," 

The g s n e r d  line o f  P ativi  ty of tho Subcommittee Reaenrch Grow was 
explained by Mr. Warnor; 

l1Sorno of thf s discussion going on th i s  morning is similar 
t o  w b t  wont on at the  Subg~oup mooting* X would like t o  say 
that tho Subgroup which i~ now in sxistcnce h a  l ~ i d  out tho 
work which is being done by the v ~ r i a u s  nembars of the Subgroup 
themselVua* The Subgroup hns not attempted t o  lay o u t  pi~ny de- 
tai led progr~un of rasilarch with the idoa of pushing it off on 
eomebo6y elhe* lfo don't know that the Subgrolrp w i l l  so func- 
t i on  in tho future. There is a possibility that it might, and 
that's one reaaan f a r  sweat ing  tho itoa of tho  Subgroup of 
Elactrodo hfanufactwers so that t h q  could h ~ v e  a group by thorn- 
selves to consider thcsa probloms from tho electrode s tmdpoint  , 
and oither fornulate a progr~un which they can ca2'ry on them- 
salves jointly, or suggest  an a l l o c ~ t i o n  which would r o e a t  in 
some work being taken on actively. I d w t t  know just what nro- 
gram the Research Subgroup, which is now in existence and con- 
sists of rgrosentntives  of usore, fhbricatora, can do of it- 
self. Tho problems, ~ ~ h i c h  t hay nra considering, naturally, 
those practical problems first, are t o  bo solvod fa  the shortest 
practical way without going i n t o  involvod resoarch. I think, ns 
Colonel Ritchio has said, that ho f s open for any d i f f e r e n t  Bug- 
gestiona 9 s  t o  how he could make a definite  a l l o c ~ t l o n  with a 
def in i te  suggestad l i n e  of wofk which would aid in the solution 
of a def in i t e  problem," 

The viewpoint of the elactrode rmnufncturera on t h i s  quostion of rosoarch 
and davelopment was pointed o u t  by Mr. hertz;: 

"It has seonod to mo for n 101% time thnt tho Army En- 
gineers should docide w h a t  they want and than give us 8 chnnce 
t o  help them.achiava that resul t ,  The Army so far has somo 
pretty genord idaae of w h a t  they would l ike ,  but thorots a l o t  
of  places, where thoso idsne should bo more s p a ~ i f i c .  We, in our 
problem o f  developing electrodes, would be hexpod a g r o a t  deal 



if we could have eomtlthing drtaf i n i t c  Inid down RR a s tmdard t o  
which we cauld conform o r  try t o  ranch, M~.ybe it will be t o o  
high to stLzrt  with, but nts lor t s t  we would know in what direction 
wo should be going. Our Cowit tee  of w o l d l l y ~  poople, tb,t is, 
tho elcctraao ~ & f a c t u r e r s ,  can get togother and wo w i l l  cn- 
operate with you in every possible wny. I tvouLd l i k e  t o  urge 
you some unification of idefia as to the ultinats results thn t  
you ~uant, thori we ctm go ahend a lot faster." 

Tt was pointed out by Col. Ritchio t h t  b d l i e t i c  requiremonte 
are proscribed by Ordnance specif icctions but Dr, M i l l o r  ( ~ o i d - ~ v o r ~  Co. 
pointed out that t h e  e lec trde  m u f n c t u r p r s  h ~ v e  no ballistic tasting 
fncilities rind would l ike  t o  lmve soma lcdication ns t o  tdhethur a 25/20 
o r  an lg/g electrod8 is  moro  dasirablc. The Orbnnce Dnpnstrnent, of 
course,  is lmablo t o  do this .  

Mr. K ~ m o  suggested that thn tank f n b r i c ~ . t o r  should develop h i s  own 
nethods :\nd that i n  tho  B~, ldwin  plants 

M'ie are using only t he  25/20 t:rpe o f  oloctrodo, '&be have 
recohtly done a b i t  of developnentnl work on a non-nustenitic 
type o f  oloctroda, Resul ts  wero not at a l l  fnvornblo. I only 

t o  thzt our discussion about procedure's ~ n d  w h a t  t o  do 
i s  n o t  going t o  bo s e t t l e d  around the table here. The vary b e s t  
thEt wo can do is t o  stzrt with what Gppears t o  be the  boat avail- 
able n t  the moment, qiving duo consideration t o  the fact  that 
dwelopnantal  work should be cnrriad on, and something nt a later 
date mqv cono i n t o  t h ~  picture as n arlbstituto, somethi% evon 
bottcr, but our problam is that of building tanks at the nornent. 
I have repcctcdly told electrode .mnufacturere' rapres~ntativea 
wo ara not i n t e r  as tcr !  in undort,nking a devolopmentnl prot:rnm of 
wultiinz electrodes. I q r e c i n t e  tho p o i n t  tl~r.tt Mr. M i l l o r  o f  
Rsid-Avery m d o  that they do q o t  havo tho facilities for making 
up t c e t  specimolis that  tho m~anufncturer doee. It i s  difficult 
f o r  thon t o  ~ e t  tho  plate.  It i s  perhaps ale0 n b i t  of R pro- 
longed procodwe for then t o  arraq;e for proving t e s t s  when no- 
thiw norc is at sthka than  n possible fnilure to be ropoatod 
mnny timos. I h ~ ~ a  takob a rather a rb i t r a ry  stand on the  mnttor, 
but i t  sprfncs from tho p o i n t  t h ~ t  I f o o l  t h t  our o b l i g n t i o n  is 
t o  bui ld  thc tanks n t  the proaont tima. I do not  hold f o r t h  fox 
25/20 as the  total d t i m h t e  i n  t h i s  th ing  and I ' m  sarc of the 
fact  t h n t  n shor t ago  m,y exist sometim in the futura. I don' t 
b e l i e v e  i t  exists at the prassnt  time, Iqe plnced a s u h s t ~ a t i a l  
order  lzst wock for electror?es mi! it w&s E ; W . T Y ~ U ~  up SO f n s t  it 
wnsn't evzn funny, Furthermore, mery electrode m u f n c t u r e r  is 
cmping on the doorstep ts1lir.z me t h a t  ho can furnish nlmost 
double or triple qunntities in the me,zntiasc Our electrode prob- 
lan is no t  a probken a t  the. p r o s a n t  t ino.  We have tnnks t o  build, 
and tanks are urider way. tI 

Mr. Brooker oxplnf nod t h a  pasi  t ion of the Ordr-nnce boFnrtrnent i n  &his 
situation: 

''qhc only cornrlcnt I woulil like t o  make following Mr. Ragrmol s 



aoments. is to car'rect sn impreseion he might have given in re- 
ghxd So giving ballistic t e s t s  on welded specimens. We are ready 
to give ballistic tests at any time, We try t o  avoid duplicating 
efforts. we like t o  have any test specimens come through the OF 
ganized group t a  make t es ts ,  especially when there 4s a duplication 
of work already done.' 

Availability of urnor  plate for t e s t  purposes was emphasized by h j o r  
btkine : 

"There are f i f t y  tong of t e s t  plate material. at the Proving 
Ground, Baybody who want$ t o  get t e s t  plates can g e t  thf s mte- 
r i d  with the underretandin& Ithat the lllatarial we give you will be 
that conposition. Just write t o  the Office, Chief' of Ordmnce, 
Washington, D, C., attention Tank and Combat Vehicla Division. 
Thie is subjaet t o  tho aonditions that Mr. Brookar l a i d  down t o  
avoid duplication of t e s t  work," 

~t was indicated t&,t 25/20 electrode has given good ps~formnncc but 
there is no comparative drttr, on 25/20 and mudif iod 1g/g alsctrode, 

Just prior  t o .  lunch the electrode rcprasontnt$voe mat nnd organized 
an Xlectrode Group. 

Following lunch Mr* lhymo discugsed tho welding of medium tmk hulls 
at the Ba ldan  plcant. Only ono hRs been complotsd 80  fnr and slides were 
shown of this hull, 

d question on electrodes was rnisod by MY. Biodarmr.n! 
"Take you? b i l l i s t i c  t e s t  such ns we were talking about 

this  morning on 1&/8, 25/20, or another hnlf dozen of them - there 
firs placed on the hul l  on which it fentt necossnry t o  use this high 
alloy rod, For isstance, in the bottom of the f l o o r ,  nll ins ida 
welding, w h a t  possibilities Rro thero of using other mtori~~1. there? 
Am I right o r  wrong in saying wo shouldn't u s o  thin high hl loy  rod 
a11 over kf it isnl t necessary, if it i snkt  oxposed ts the ballis- 
t i c  t e s t ? "  

The die  cussion of th i s  question fndfcated there w*.s a b o l i ~ f  that, even 
though a l l  Jo in ts  in the hull m a  no t  diroctly exposed t o  'bd lPs t5a  at- 
tack, all connections t o  wmor plate should bo welded with 8 s u i t ~ b l ~  ar- 
mor welding technique. This was emphasized by &. Bruggo; 

%en you weld t o  the  armor then it calls for tho asmor 
technique, T h t t  e in tho present spocs. If you got  something 
hitt ing on the outside of the tank, then it is oxposed t o  bal l la-  
t i o  shdck. I do not know of mything in a, tRnk that is not exposed 
t o  b d l f  atic damago. I'm afraid from t h ~  actual requirements that 
wherever you touch armor plate i t  w i l l  b v o  t o  bo welded w i t h  tho 
same teuhniquo as yaw main Joints." 

This was further corroborated by Mr, Bibbor: 
UThe welde joining the bulkhoade t o  the  ins ido of the tank, 



where the welds are on t h e  tension side then  the tank is sub- 
j e c t e d  t o  exterm1 darmge, are eome a f  the rnost impor t an t  con- 
nections and they should most cer te in l :~  5e made wi th  the best  
electrode you can g e t  your hands on. The o ther  w e l d  arow~d the 
bot tom are  same o f  the  smallest wolds on the tank, but  I believe 
t h a t  where t he  armor is touchod the welds should be mde wit11 a 
good sloctrode,  " 

The fabricators, as evidenced by Mr. Biederman's questions about e lm-  
t radea  and other comnlents, appear to want infarmation as to alectrodes and 
welding procedurc~ which w i l l  prodm u satisf actor7 armor  weldmont s. If such 
inf ormatian were gcnerdqy nvfiilnblc, tho  Pabricnt o r s  c o d 8  thereby save time 
and ma aey required for douelopment, 

Mr. Bibber explatnod the general situation regarding approval o f  f nbr ica t ion  
procedures by the Ordnance Department: 

"Theso woro certain questions this morning vshich l a d  rno t o  
beliovc that some o f  the people here didnl t nppreci~te t h o  w a y  
the  government had t o  specify somo of these things. For instance,  
t he  govcrnmont nmlr require9 R perf~rfnaace t e s t ,  $ ballistic per- 
formance tost, R d e f i n i t e  specification t h ~ t  the  p l n t a  must have a 
resPst~nco t o  penetrat ion o f  so many hundrad or thousand feet per 
second, Thcy 31so have pc spec i f ice t ion  l i n i t  which srys that t l l ~  
weld must be, aqy of t h a t  l i m i t  of the  plate, lfnder the present 
scheme, if h j o i n t  weldor3 with arty kind of en electrode whatsoever 
on any kind of plr,te pesses tho roa-airerntrit~ of t h e  government, it 
is satisfactory t o  the goverment, The A3'~y cannot tall tho manu- 
facturer what kind o f  e l c c t r o d o  t o  use, Ee 32-s t o  solve this pmb- 
l om himself, Setween the  e l o  c trodo menufacturer and himself. The 
e l e c t r o d e  mufacturers  have t h e  &hta. I t  is t h o i r  busihess t o  
~ E L V O  the  data, just ns it is our  business t o  be able t o  t a l l  people 
half t o  weld a rmor ,  The manufacturer.; w i l l  have t o  straightsn out 
those problems betweon thernselv~s  and the makers md then submit 
i t  t o  this performanca t e s t . "  

Tho present situation regarding nvai labi l i ty  of t h e  stainless s t o e 1  ~ l a c t r o d e s  
f o r  armor woldiri; was outlined by Idr. Brown, Offico of the  Under Sacrotary of 
idar : 

"The o n l y  comment in connoctlon with tho problems brought 
up by several is the avni labi l i t j t  o f  the supply o f  the$ high a l loy  
electrodes,  o r  rather tho high a l l o y  in welding rods. The O f f  i c o  
o f  thc 9PM several ~mntbs ago gavc the llrrpressioli there would be a 
s e r i ~ u s  short%@ in that type a f  welding wire, based partly on t he  
existing fncilitles cf t h e  steel 4111s and also an the  nickel ad 
a ther  strategic mc-terials that gc in to  it, %en bufa re  they amnunced 
t ha t ,  t h e  War Dqnr tnen t  !lad andortaken an oxpanaion i n  tho cap:a.city 
7f makicg stainless cxd high allog welding rods vrh-lch w i l l  provide 
next year a:] additional f i v e  or s i x  thousand t o n s  of electrodes in 
those gro.dos. I'k h w c  bacn n ~ s ~ ~ u s d  by the Nickel Branch of the OPH 
t h a t  whtercr q u i ~ n t l t i e s  nf nickel nrc ~ o o d c d  will go i n t o  those 
waldiog r0d.s and weldiny wire. 1 don1 t b o l i a v e  that under the prosent  



tk program there w i l l  be any aerious shortage of the high' alloy 
type welding wire and rod." 

Mr. Thomas reported on the formation of an Electrode Group as follows: 
"It was rather the f e e l i n g  i n  the group, as w e  met here 

j u ~ t  before lunch, that there was a veq- definite need f o r  t he  
electrode mnufac tu re ro  t o  get together and a r r ive  at cer ta in  
standards and come to certainagseeinonts which would help all fab- 
ricators, Phat was o u r  first and main ~greement, Our secbnd was 
that we should choose as chairman of that group a m n  who is an- 
tirely outside tho field of electrode manufacturing, We obtained 
the consent, if satisfactory with t h i s  Cornittee, of  Mr. 2d. Brook- 
er  t o  head t h i s  group. We also arranged to meet in the  very near 
future t o  discuss the problems and take up the various itnms which 
we foe1 from the discussion should be brought i n t o  some c lear  and 
concise report for t h i s  group, As I hear some of the racent dis- 
cussion on s l e ~ t r o d e s  ~ .nd  stratagilc m.terials, 1 r ~ t h ~ r  feel that 
tho gotting together of theso a l ~ c t r o d o  manufacturers may clczrify 
tlmt wholo situation. 

Mr. Brookor axplainad t ho  makeup of t h e  Grow; 
"It rnw ba of intornst t o  this group t o  know thc t  Arcos Cor- 

poration, Lincoln Qoctr ic  C o q m y ,  Hczrnischfegzr Corparation, 
Reid-Avary Company, Murox, Mcky, Champion Rivet ,  A. 0- Smith Cor- 
poration, and AJloy Rods are now on the Committoo. K~urnth w i l l  
W requestad t o  eond a ~Q~TQSC~~F~~~VC~+ and thoro is one other  un- 
der consideration. T h a t  gives a represontotion o f  tho stainlnss 
and low alloy o l o c t r o d ~  manufacturars. That is tho Subgroup we 
were speaking about, " 

For sometime the problem af jo in t  design for wolded t ~ n k  hulls bns beon a 
matter of conaibrabla argument runong fabricntars, The Ordnnnco D~partr 
mont has left tho r a t t o r  o f  joint  design f o r  welding t o  the f~bricahors 
themselves, T h i p  l o f t  the hattor of j o in t  dosign t o  bo provod by b d -  
l i s t i c  tes ts  and resu l ted  i n  aumsrous dif faring Zdcars. In order. t o  try 
t o  got Bomo e.groernent on thfa problem,tha Baldwin Locomativo C~mpany h e  
aalled 8 meeting f o r  b4ondE1Jr, 27 OctoBdr, to considor this mnttar, Mr. 
Bibbet a o m n t e d  on the purpose of tho meeting: 

"It  might bo R good idaa to give this commPttos n l i t t l e  
b i t  of the  background t h t  l i e s  behind that rhoeting lionday. At 
the incept ion of tho  Mh design, it was felt by a numbor of  us 
t h t  it w o u l d  b e  n good thing to draw the t m k  in such a w y ~  that 
the individual joint design would be loft to the Indivicluczls Vho 
were go ing  t o  build the tank, If thero wpxo going to be ci num- 
ber of ideas to design the  joint, the proper thirlg to do would bc 
to nllow oach individual t o  work out h i s  own salvation. A s  tho 
tank plans of  tha  M4 progressed, t h e  Abordean Roving Ground moro 
or Isas fell in with t b t  idoa. For instance, if they wore drww 
1rg a jo5nC of thils chmnctor ,  ( i l lustmted with  hnnds), ~1 angle 



joint between the t w o  p l ~ t e ~ ,  t h e  drnwiAx would adly show a l i n e  
betwean the two s e c t i o n s .  That's n, porfoetly i m n g f ~ ~ l y  link?. It 
does not a x i e t .  I t  does not  o.mblo tho n m u f ~ c t u r c r  t o  cut hi6 
plnte. Tho p l ~ , t o  nwiufncturer uould  hnvc t o  r s d r ~ ~ w  h i s  p l n t e  manu- 
fEctwfng drnwinga in order t o  flme cut his plate. The welding 
rod mmufacturcr or the  t,mk fnbricztor would lEve t o  rodruw the 
tank in accordnnca with h i s  own design bcfore ha could %van as- 
timts on the making of t k t  te-nk. In viow of co r tn in  discuseions 
which transpirnd here t h i s  morning, it is appfirent that there i s  
a desire an tha pert of the f~br i lca tor ,  had 3 think n pcirfactly 
l o g i c a l  desire,  t o  h,ve tho Arny sw what they fool ~qould be the 
proper type o f  j o i n t  t o  w e .  In o r d o r  t o  soo if sonc sort of 
agreement c m  bo obtained betwoen tho  dif f o r e : ~ t  individu~ls who 
&vts boon workinc on tho design find f ab r i ca t i on  of iveldod tmks 
s o  f ~ ~ r  ras it has been done, it ia horod thnt out of this meeting 
Monday w i l l  coma, possibly, r?. standard dos ign  o f  j o i n t  for every 
j o i n t  in the M3 and. M4 tanks, and theroby enable t h e  drawings 
t o  b e  with the  idea of reprasentirg actw.1 jointes thnt r~ould 
e m l e  the fabricators and the  c o t i m t o r s  and bidders on thosa 
t a n k s  t o  go right to work without  worrying about t h o  design of 
j o i n t s .  M L q  of theso fnbricxtoss hpre n o t  h d  onowh axporisnce 
t o  design these things, and i f  t k i s  echeso tsorks out Mond~,:r, I 
bel ieve i t  will bc n grmt s t q  fonmrd." 

Mr. Raym further elaborntod on the purpose of t h o  meekin#: 
"Suppl cnonting Mr. Bibber' 8 r e ~ r l s  * tho  Baldwin Locomo t ivo  

Iforks has t d r ~ n d y  been assigned t o  hesii;n and hns boon coqtrncted 
by tho Ordmncc Department f a r  the purpose of rodotnil ing a do- 
s ign  of  the  M3 hull for waldud construction,  Alao  tho  task of 
doing tho same h ~ s  boen nesignc8 in rognrd to tho W& hull. I sinply 
want t o  l e t  you cll know tkt tho m, t ter  r o n ~ i n a  wide open as far 
as th6 Bnldwin Loconotivn !Voylcs is concerned. Wo m a  simply a 
means t o  an end RS far  ns ,yettin;; t!~e t l~oughts  of a l l  here down 
on paper fin the fo rg  of a worki~,; drnwPlig thnt w i l l  nccamplish the 
thin~s that Mr. Bibber indicated could no t  bo nrrived nt with the 
desii;ns as they  are nt tho present time. We ISav~ plnced pra- 
l i rn imry  itrr,wincs i n  tho !mds of ns mny 3,s possible. The ,yroup 
that w i l l  meet 1bnd.q~ is substantfnlly the Bane n a  i s  now hzro. 
Our a ~ i n e e r i n g  Department i t i l l  be reprasentod these, nnd wo hope 
that your comlents  2nd su,<gostlons wi13. be a st~rting p o i n t  for 
them. So, I w o u l d  l i k e  very n ~ c h  t o  re-exphmizc t h e  p o i n t  thnt 
we are 200$ open t o  your sug<qestions a s  re~(arcl.s nqythirg that can 
be done t o  malre this n very good, o r  rather the best  rl.esi6g pos- 
sible." 

A t  the presont tine, the ~ ~ t t i t u d c  nf industry on welding procedure qu...li- 
fication and a p ~ r a t i o n  qunl i f icn t ion  appears t o  fnvur use of a s e c t i o n  
o f  a tank hull illatend of the  plrite. Also n ~ o " P ,  preheat on holm- @ geneous arnor is believodpossible but prehonting of  fzce-hnrd~ned nrnor 



is regarded with some suspicion. This attitude, as explained hy I r I r .  
Warner, appeared from the comments on revision of S-pecification a$- 
497 which have been received. 1'Ji t h  reference t o  radiographic inspection 
of welds i n  armor the trend is approximately as follows, according to 
Mr. Warner: 

"There was considerable objection t o  being too def in i te  or 
too specific on t h e  subject of prohibition of any radiographic 
defects on welded joints in armor. Tho spaciffcntions aaw shy that 
defects  in welded j o i n t s  m y  bo .zccepted if they do not exaeed i n  
amount thoso which a r e  fond i n  qua1iffcl:tion t e s t  plates. In 
othor wards, if you have a qunlifidation t e s t  weld which sntisfioa 
b a l l i s t i c  roqufrsments and that wold has a certain m o u n t  of lnclc 
of pana t ra t ion  or lack o f  fusion, then thnt becomes your st~ndard 
for fabr icat ion.  Your R r m o r  s t r u c t w e  rnw have thnt  amount o f  de- 
fact, I$ you excocd that limit, than the weld becomes rejoctnblo 
and has t o  ba repwir5d. If wa require absolutely pcrfoct R r m o r  
weld structures, it becomes, ,wcording to mW objoctors, too re- 
atrictive, so it s o m s  to me a f t o r  reading t h o  commaats eubmittod, 
that the paragraph should romnin ns it is for tho prosont until wo 
ara definitely s w o  that wo wnnt absolutelg dofact-froo wolds. 
Share are soma cnsos where a c o q l a t a  penetration from both sides 
of tho p l s t o  is not required by tho designor and thnt might g e t  
somebody into tmublo - perhnp,  if some inepector happened t o  bo 
on tho job who was not completely f m i l f n r  with tho requirements 
f a r  t hn t  design. Thnt is about t h e  way thc thing st~nde." 

With raf oronao to uaing a ~ e c t i o n  of a ta lk  h u l l  f o r  q ~ ~ l i f  icatfan of a 
welding procedure, Mr. Brooker ele.borntod furthar: 

"I think I can shed a l i t t ls  light on th is  business of 
tetking psrt of a tank t a  serve f o r  qualification. T b t  was pro- 
posed by several wolding c o n t r n c t o r s  because they thought that 
by proparing tho plato in S p ~ c i f i c ~ t i a n  US-4.97 it ims n o t  suf- 
f i c i e n t  t o  prove t o  thorn thay could wcld n tank, They prefer to 
wold up n tank section vhich consists of two  plnlea. They f iguro 
if thoy could weld thoae thng could tgeld the reet of tho tnnk. 
Now, if we ,have a contractor comirg into the plcture who wants t o  
do t h a t  i t  i s  rather suparfluous t o  ask hin t o  prepare i n  addi t ion  
tho ball3stic plate, C e r t 8 i . a ~  the H Y are real ly  locked up, 
and the tank amnot be mado in EL locked-up condition, so that I 
be l iavp  that is something t h ~ t  would remin t o  Chose of ua who 
a r r n q e  thesc q u d i f i c n t f o n s  with t h o  rnn~~ncturors .  It is our 
aim t o  g o t  then q w i f i o d ,  t o  put it plninlz--n-clce it tough. Thoro 
is another reason for tnking a particular t~,dc part.  $10 hnve ono 
welding c o n t r a c t o r  who is welding 1-1/2" thick cast nrmr to j/8" 
r o l l e d  naterinl. Thoro is sor~o question as t o  whethor US-497, 
as now wri t ten,  would actually qunlify him for t h e t  job. In t h i ~  
caseb tho m n  thought that porkpa a f t e r  tqring n wcld  of cast 
and rnl lcd,  thnt those two thicknesses would bo noro  o f  et t e s t  
f o r  him and for ug as well. There are Bone questions rognrdi~x 
ballistic t e s t s  which c a ~ q l i c a t e  tha thing a lit tla." 



I n  connection with the inspection problem Mr. B~t?se raised the question: 
'1s i t  necessary that t h o  O r d w c e  i n ~ p e c t n r  witnoss  dl 

' 

t h e  qualif i c n t i o a  tests nn al l  'i,~o~dore'9 XI it true thRt they 
witness qualif f cations?" 

To which Col, Ritchio replied:. 
"Yes. A l l  qual if icat ion tests are t o  be witnessed by the 

inspector." 

In discussing comparative ballistic  test^ of n rivetod tu r re t  and a welded 
turret f o r  a l i g h t  tank, the turret boing of 1" Pacc-b~rdoned armor, Lt. 
Reed idicated that on the welded turret :  

"Tho only area thit brake out n f  the she l l  wns dnwn bolow 
one nf the p i a t n l  ports  and was nnt sqported, Our b a l l i s t i c  
limit in thc  weld vas around 99% i n  c o q n r i s o n  with the b a l l i s t i c  
1 - i m i t  of the  f'ace--hardened plate, There was no serinua cracking 
nf the weld. As mny tines as wo - b ~ ~  tasted than, these struc- 
tures 1v.ve not  f a i l e d  progressively, You can see cracks i n  there 

. tha t  are really n o t  detrimentel. More rounds could be put on 
thnse joints ,and they would stand up w e l l  under thasc." 

Wherens on  the rivetod tark: 
"In the r iveted turret, rixchine gun fire, both  b a l l  end 

AP, was sufficient t o  knock r ivets  out t-hat weren' t even touched." 

Studies o f  cast armor welding repairs at Watertown Arsenal wore summarized 
by Lt. Matthaws: 

"We sllrply t o o k  I." slabs of  cast amor,, ~cpresant fng  nbout 
tho highest  a l l o y  th?t i s  beiw used in the  cast armor crnrrposi- 
t ion.  The deposited weld bonds ( o f  the wcld~bility type Mr. War- 
ner doscribed befnra)  using 25/20 carbon rod were subjected t" 
various heat troatnonts and we found out we hnd t o  gn i n  the 
neighborhood o f  1200' t o  1300' t o  s o f t e n  it. Tho whole p r ~ b l e r l  
here was tha repair of snrfnces oli cast armr, which ntint bo su* . 
sequantly a c h i o e d ,  in orEer t n  work out som nethod t!mt coulf! bc 
applieC in production, if anal1  ficfects m e  uilc~veretf., We can 
s a y ,  t o  cuvar the s i t u a t i o n ,  t-ht t o  accomplish the best  results 
we s9ruld heat material by torch f o r  10, 15 o r  20 ninutos t o  n 
good cliorry red, in tl1.e neighbnrhooe of 1350°, belfil:! the critical 
tenrperature of the  plnte.  T . h t  does no t  ~ ~ v e r e e l y  a f f e c t  t l lc 
cast  nrrmr. Thesa surfaces cre n o t  expcsed t o  t?e b ~ . l l i s t i C  ir:- 
pact. We think that w o u l d  be  a suitable rnntllnrt frr  the repair n f  
c a s t  armor, 'rJc would prlnDOEe par-kpe th-tt bot tcs  rosu3.t~ tvolild 
bo nbtained with n Inw alln;r rod." 

ldr. hadgraf oxplaincd his oxperienc e in weld repnf ring c e r t a i n  ~ v n c r  
ca,s ti~gs: 

'On the holisings cf t ho  143, Acfocts that turned lap und-er t'lc 
surf ace af t e s  mtchining which. were s q o r f  lcm were r epetred, Mat- 
tcr rlf fact, some n f  t.%n I I E ? ~  sharp bottnma ana  thore  wera, t?-:erefore, 



p o u s i b i l i t i e s  of propagnt i n n  unrler vibration whf ch neant they 
wero n o t  pmcticnl  t c  repr,ir at ~11. 5?e f i n a l y  decided on the 
prncedurc of chipping out defocts t o  sound notnl ~.nd us in^ es- 
s~ntially the same technique thnt wo.trid be eq loyod  under US-497, 
thnt is ,  tho austenitfo rod. Obviously, nachinfng would not be 
t o o  easy to f i n i s h  over that weld, but tboso cnsos, by experience, 
arc7 so ifiolated that J don't believe it was r~rzlla rt p o i n t  to tnko  
issue on, Dut of the hundreds nf housings we prcducod there were 
o n l y  about f ive  or seven all t o l d  which wore reparzblo at  'all, 
and it wr,s a relatively easy Job, paasibly easier that host treat- 
5ng, t n  f i n i s h  that surfnaa wain by grinding." 

In  connoation with the nachinirg, of weld repairs fn w m n r  MI, Brvgg~ 
pointed nut the advantage of using the annealing b e ~ d  tschnique, with 
refarehco t n  reaults of development wcrk and t e s t  &.ta avsilable, Cole 
Ri tchio comnented as f n l l n w s :  

"If gnu h v e  m y  questions in your mind in connection 
w i t h  .any of t h i s  M O ~ ~ C ,  ~lenae do not hesitate t o  cF31 on us, 
We may be able t o  solve your problen. Just write to IVatortwa 
Arse1lr71 and we w i l l  do ow best to hct$p you. They have cnn- 
sirlernble data on file thare  in c 2 ~ ~ o c t i o n  with t h i s  activity 
and o the r  a c t i ~ i t i o s  portaining t o  mmor. Tho Rock I s l ~ s ~ d  
Arsenal is @no ther sourco ~f data which ties in with t h e  Sub- 
committee with US* Tho Office, Chief of O r h n c o  1s another 
source. b j n r  Atkina and Mr, Brnokor m d  now wo have this Sub- 
group nn electrodes. We have two parol~ni groups on this S u b  
cornittoe, one on research development work and one o n  electrodes, 
These are two a&ditianal subsnurcoe of in fo rmf i t inn ,  so pleafie 
nhkeknownyoux problems find.wc w f l l  do our best t c  help you," 

Tho estinatod roquirornonts fnr arnor and vohlc las  were cf ted 'by Major 
Atkins: 

"On arnnr castings fnr all tanks we estimata we are going 
t o  require 26,280 t ons  per mnnth of amor csstinga. On arnor 
plate, rol led a rmor  plnte, we estimto we are goiw tc? need 
38,000 tons per mnth. I th ink  nur friend f r o m  the Under See- 
rotary of War Soct ion w i l l  bc rather nvar-optimistic for tho 
amaunt of nickel wo are going tn got when we t&e 3g,000 t o n s  of 
chrono nnd nickel steels Fer month. TT!w.t includos 1000 light 
tanks, 5000 armored cars, 1000 &ircraft, 1500 plnte hulls, medium, 
500 medims with cast  hulls, 100 heavy tnnks ~ . n d  self-propolled 
gun mounts-3200 tons, n i r c rn f t  1000 tens por rapnth ~ m d  cnntin* 
gehcies bg00 to l l s  per  month, We lumped it dl t ogo the r  nntl got 
38,000 tons. This is rmllcd p le to  alona." 

The p~licy fin welncd vohicles WRS given by Ihjor Atltinss 
"Soma of your people crs going t o  bo nd-c in~  rieete?. tanks. 

Efrerybody sow ooniilg into pmfluction w i l l  be on tho welded job. 
Certain Rnnuf~cturers n r e  going t o  be kopt or the rivotofl!. jnb 
until r e  can turn over. What the Russians ere conini-f in for 



w i l l  have t o  be added t o  this t o t a l ,  2he existing capacity f o r  
r o l l e d  plate  and source$ available to the Arw is 13,000 toas 
per month, and the rest of it has t o  bs built  between now and 
the time t h e  rest of you people g e t  Into production, On cant 
p l a t e  we are in a little bet ter  por~;iklon." 

With regard to the date of the next neeting, it was suggested that about two 
months would  IIF, sa . t i s fac tory .  The date is t o  be docidod by the Chairman. 
The meeti was auourned with the following remarks by 001. Ritchin: 

'That tndicatos, of coursn, t h o  importance of tho welding 
problem and expansion of tho program and suggests t o  me somo- 
t h i n g  which we have had undcr considera4;ion. T h a t  i s ,  paknting 
o u r  c o m p o s i t i o n s  on armor toward thosc which are of %he most 
woldable  t-e, insofar as it is practical t o  do so, Unless t h e r ~  
are fu r the r  comments, I want t o  t e e  this moment in closing, on 
bshalf of the Subcornmi t t e o  and on behalf of myself, t o  tharik the 
Dis t r i c t  Ordnance O f f i c e  for its assistance in helping us t o  ar- 
r c W 8  this meeting, Mr. S l b l q ,  Honry Disston and Sohs Compzny, 
f o r  h is  assistance md a l s o '  f o r  bringing up tho turret f o r  dis- 
play ,  the Baldwin Locomotive Vorks, Mr. Rtllymo, for the courteohs 
i n v i t a t i o n  to visit the plant tomorrow and for a l l  the amango- 
manta t o  simplify and &c it convenient for us t o  g e t  out thore 
t o  g o  through the  p l ~ ~ t .  Inc iden ta l ly ,  I belicve the  Diatrict 
O f f  i c e  has arranged tratlsportation f o r  us. And lastIy, to tho 
Arcos  Corporation, IJIessrs. R. D, Thorns,  Sr. find Jr., a d  other 
representatives o f  tnat firm, f o r  nrrnnging this meeting far 
us, f o r  the otemgrapkic holp and f o r  tho  luncheojl, I am sure 
we are deeply indebted t o  thorn and to the o thers  f o r  helping us 
maka wbnt I bel levo is a satisfactory mceting. I1 

The 33ectrotTe &otlp nppainted nt this meeting c o n t r ~ r y  to  tho S ~ ~ B S -  

t lons of oertaPn representatives of tho clactrode industry indicated a 
rea l iza t ion  t h a t  standardization of electrode t - q e s  and grades fos weld1 ng 
armor is n necessi* if ~ R S S  productfon af  armor weldments is t o  be r e a l b a d  
o f f  ec t ively  . The mgnitude c ) f  the ~rouuc t io n problem as nut1  ined by Ordnance 
ropresentativas was beginning t o  be r s d i z e d ,  but somo r e l i e f  in the matter 
o f  r e s t r i c t i o n s  on  exchange of informntian by members of t he  Subcommittae is 
needed. Thf s was t h e  last meeting of the Subcommittee p r i a r  t n  Pee.rl Hnrbar 
which put s rmre sarinuo nspoct t o  the problon of smoothing nut snme of  the 
dlf f erenoes ~f viewpoint indf cated at t h i s  meeting* 



SIXTH M E W I N G  
S'IIBCOI4d'ITTEE! ON WXLDING OF AhMOR 

rnrnSMY, 7 JAJWMY 1942 
HOTEL STAISER, PETROI T, MI OHI GAW 

The sixth meeting of the $ubcommPttee was held in Det ro i t  on 7 
January 1942, at the Statler Hotel with 95 persona in attendance rep- 
resent ing: 

Fabricators 24 
Armor Producers 7 
mectrode &nufactmere 17 
Ordnance Pepar tment  22 

25 Guests 
t 

Thf s mep ting at  the Detroit Statler was arranged by Major G, L. Cox, Act- 
ing Director of the Laboratory, who took over as Acting Subcommittee 
hairman replabing 601, Ri tch le  who bad taken over the job of Production 
Manager at Watortow. Arsenal under Col, G t h e r ,  Commanding Off fcer, short ly  
d t e r  Pearl Harbor, k j o r  Cox presided at the meeting and opened the 
moeting with tho fol lowing cumments: 

"qhg word thaee dpys is production. A l l  of you road the 
nowspttpors. You know tho President's dosires and we are not 
going t o  let him down. Iqe have got  n big job, WR are 901% 
t o  do i t ,  Fortycfive thousand t d s  En 1942 is a big job. 
We've got t o  weld them, and we are  heno today t o  l o w n  how 
t o  weld them, \be b w V e  a lot of tetlent'rtround us. 1% want t o  
first know the problem, and we hope Chat the ta lant  can give 
us the cznswors, If not, we w i l l  f i n d  tho answers. 1 w a n t  t o  
caution you at this mament that tho substanco of  these meek- 
ings is of a highly rastricted n a t u ~ e  and tho transactions 
must not bo allowed t o  reach the hmds of thnsc no t  authorisoil 
to receive it. It is with some regret that I have t o  tall you 
t k t  it h a  coma to npr a t t en t ion  that ce r t a in  of tho minutes of 
other subcommittee maetings have go t ton  t o  people who ware not 
supposed t o  get them, So, l e t ' s  bo caroful about theso trans- 
actions,  gentlemen, and sge that thqy are kogt in tho category 
whoro they bo1ougmtI * 

After the sol1 c d L  k j o r  Cox continued: 
nColonel Ritchie has been assignod t o  other dutfea et W a t e ~  

town Arsenal and is unabla t o  servo as Chairman of theao Subcow 
mi ttees. Now, the floor is open for norninatfons for Chairman, 
and I'd be very glad t o  hear soma nomil l~ t ions .  I might po in t  o u t  
that the myriberahip  elect^ t"o Ohairman, That's the proceaure 
we M e  s e t  up and I have boon the Acting Chairman." 

Major Cox was elected Chairman of the Subcommittea. Mr. Bibbor suggested 
a l o t t o r  of appreciation t o  Col, Ritchie f o r  h i s  past work as Chairmn 
of the 6ubcommittae to which 1I.njor Cox repliod: 

"I'd l i k e  t o  appoint a cornittoe of ono r Mrr Bibb,er - t o  



formulate the l e t t e r  just as he sees f i t  and lat i t  be the ex- 
pression of the membership, and so proceed &, Sli'bber. I ' m  
sure b l o l l e l  Ritck@e w i l ' l  appreoiate it but befare he gets the 
letter,  hovre~er, XI11 tell him the eqress ion t b f  wac; passed 
here." 

with reference t o  Subcommittoe memborshi.p, Major Cox continued: 
"Tho at tendanca has g o w n  trernondously, and yet evoryo nc 

of you b r a  has a very important part in this  whole progratn* 
&ch of you represent a cog in tho glear and n31 of you =mc noa- 
essary for  the complete functioning. In the past, i t  has been 
customary t o  elect as members t o  tha %@committee, thoso peopln 
whose companies b v e  a c t a l y  gone into the production of cor- 
tain ordnance inzbtertol that requires welding, and In t h i s  case, 
wolding of armor. In some of the other subcommitt~es, it is somo 
other autivity re l s tod  t o  t h o  subcommittee. IVe have in our files, 
certain lists of names of pooglo who have bacn proposed for mew 
borship and Mr. Brooker I think, haa thoso r ight  in f ron t  of  him 
and I'd like, as he c a l s  thaae names o f f ,  that the gentlomcn 
pleaso riso and reci te  b r i e f l y  w h a t  your  company is dot% so thzt 
the ncmbership can hear It." 

In response to this roquost of Major Ccrx commonts were mdo by sovoral 
of the guests present : 

Mr. Smith (Marmoq-Herrington Company) t 
"Harmoa-Horrlngton Coqany is vary gfrgerly ~ppronchiw the 

problem af  waldiq: l i g h t  tar& hulls, I think Ghat I can pw-t it 
as being gingerly bocnuae varj f'raikly wo know nothing about it 
3rorn the vory boginning and the mre we L;et i n t o  kt, tho lcse we 
seem t o  know, so anything aqbody can t e l l  us wo w i l l  be very ap- 

II prociativo. 
i 

Mr, B o a r a n  (Chicago 3riQ0 nad Iros Company) : 
''1 n R sansa, the Chicago Bridge and I r a n  Conrpnny "i an inter- 

loper here bacausa it is not welding tank armor. It is, however, 
rocoptivo t o  the idea of welding it provided it c m  bo shown thnt 
by so doing,  thcy would servo the coun t r y  better than by weldir& 
ships. Howovar, it soems probable IIOW that the company w i l l  con- 
celztrato on ships in drjdock r a tho r  t h a n  arnorod $a& welding* 
Thorefore, undar tho rulcs, the c o q a n y  doos n o t  qualify for nun- 
bership in this connittee," 

Mr. Taxball ( U r n  Welding, fnc,): 
J r i fa l l ,  our  problem, of course, is in the mnufacturu af anto- 

matic vcLdiLng oquipnont as i t  applies t o  wolding of  nsnor rand tho 
devel~prnont of electrodes for welding nf =nor. 

Mr. Stark (5icbmona E;?~;inac~ing G>rT.nlV) r 
"Mr. Brooker, we ,are just 3-n file stage of n o g o t i a t i q  on thu 

welding of hulls, I'be arc not i n  tho welding of arnor plata at 
this tine." 



Mrq Penn (Indiana t i m e a  tone) : - 3 

Nftre are doing some machining of steel or wm material and 
have been investigating the welding of amor plates. lfe hcxe 
qualified n% Aberdeea on the welding of soma t e e t  plates and 
we hopo and anticltpate the wolding of tank hulls." 

'Mr. Brady (Alloy Rods): 
"Alloy Fbda manufactures austenitic slectrados for tho 

m c  welding of nrmor plo~o." 

Mr. Eder (Coast Hotn;ls, Ine. 1: 
l'Ve arc doing some rcscc,rch work on low rzlloy nustonitfc 

rods* Vo don't know very much about i t  y ~ t a  Wb hopc t o  h ? ~ c  
something boforo very long." 

Mr. Xumbara tonc (~rcxods  Corporatibn) : 
"The motcllic typo of f o r r i t i c  oXoctradcs for rtPc ~vclding." 

At tho conclusion of thoso r o w k s  %jar COX commontod: 
"Tho firma whosc fcprcscntativos b v a  spoken will be notified 

by lottcr of thoir appointment t o  mcmbcrship in the Subcarnmittco, 
and if it is at dl posai'bPc, gci~$lcmcn, we w o u l d  Like t o  have 
your cornpanips reprosentod by one mm, !io nro ~ t t o m p t i n g  to do 
that for all of our Subcommittca n c t i v i t i o s  and koep the group as 
small as possibla, Wo arc dclightcd to h v e  n l l  of you bora and 
as I rncntioilcd bofora, it is necosscry; but if it- should bc pos- 
s i b l o ,  hnvc obo parson dssignntod cs the reprcsontntive of the 
compnny with  nn nlternnto so that one pofsan Cnn than bc rcs- 
ponsiblc f o r  tho transactions, the corraepondence, nnd then if 
hc should not bc able t o  nttcild a fu jc t ion ,  he can bo rcprcsontcd 
by h i s  nltcrnntc. I n  your reply t o  o u r  l o t t o r  cqlhich w i l l  gb out, 
wo v ~ t l l  ask you t o  dosignato one pcrson, with ano thcr porson as 
the o f f i c i a l  nltarnato. Now is tha t  claar, gentlemen?H 

Thore onswd a discussinn of the ac t iv i ty  of thc ELoctrnde Group tfhiah 
was organized at tho  pr cvioue Subcommittee naoting in Philndalphia. 
Sfnco tknt timc sovornl progr~ms havc bccn s t n r t o d  ns outl incd by scvorcd 
ncnbors, Mrc k o r j  romrkad: 

"Garr io tt s progran n i i~c  -Is t h e  dcvclnpmnnt and 
gnthcring of infornation on forritic electrodas f o r  the rc- 
pairing md nulding nf cast arnor m d  t o  gather a l l  possible 
deta on forrit ic  olectrodcs for thc welding n f  homogeneous 
armor. Ibc aro undertaking a rather intensive prngrm i n  con- 
noctinn with A, 0. Sni.th Corporntion with 1.k. h r r S o t t .  I 
think wo w i l l  hetvo snmo results f c r  the ::next neetiw.'' 

To w h f a  bk. Brnokcr added: 
ItThank you, Mr. &nary, The obJoct n f  t h i s  rqnrk w i l l  bc 

t o  acqua in t  tho thnk niznufncturors wi th  an of f ic ia l  rqort  011 
tho olectrodos availnblc: and furthernore, appronch details of 
qwlif icnt ions  of thnao oloc trodcs." 



' Mr. Thomas remnrkod f o r  himself and Mr. Bruggo: 
"fi. C h . ~ . f r m ~ ~ l ,  wo hope t o  do a u$nilnr type of job on tho  

a u s t c n i t i c  olectrodea t o  wh&$ Ms, Wsry $ a  doing on the f e r r i t i c  
typo of olectrodea with the b p o  of go+ting out n spnc i f i c~ . t l on  
for electrodes of thc 25/20 hnc? the modified 1B/8 type. I1 

I n  t h i s  work roferrod t o  b j ~  Mr. Thorns it is thought thr-t the weldability 
o f  tho  arnor plat0 is an inportant  fnctar ~ , n d  a suiteble t o s t  should bo 
f ncorporatod in pxmor specif icfctione. Mr. Thows comslented an this 
thought: 

"Too of ten our davzlopment of olectrodos is h i  nderod by 
poor woldPhilf t y  in the armor ? la to  nnd i t  i s  bolicved t h n t  tho 
actual production welding of tanks is going to be hihdercd U- 

lass there  is aono vory deflnito spccificntions f o r  weldability 
of the firnos,' WI-, h ~ v o  made s stride 'in thc  last thrno months 
by gstting some s o r t  of  mention of w a l d n b i l i t ~ f  in the cast ~,nd 
rolled arnor spccif ications. Thore h ~ s  been *.tn col loctad both 
in ow. group and p ~ r t i c d . f i r l y  by Mr. t.&-i.rner ~t !hter town Arsenal 
on weldabili.ty of armor. And Tt is hopod t h t  we w i l l  be able  
t o  collect infornztian izrhf ch w i l l  provide n simple weldnbility 
t o s t  t o  bo appliad t o  muor which tost c m  bc inco&orsted in 
t h e  srrnor specifict:tions f o r  armor being supplied for w o l d i ~ ,  
Vsry briofly, our preliminary thoughts on it a re  for a bend 
t a s t  depositod by an automntlc mclzilla on n piscn o f  nrnor; sec- 
t i o n  the bend at II given poin t ,  knd t e s t  t h e  haat-nffccted zone 
for w-xinum hmdnoss; thor, place a l i m i t  on t h o  mxinum h r d -  
ncss in the heat-affocted zone which w i l l  bo ~ c c ~ p t n b l e  for t5nt  
particular armor. It is a l s o  consi8crad RE d o s i r ~ b l o  that thc 
maxim heat-affoctod zona, after a sccond has boon plncod 
on th t  bead, be considorerl an& n linit placed on thnt  naxinum 
hardness, i t  is proposed thzt  tha  procccluro be worked out  with- 
i n  the next few weeks, established, and n l i n f t n t i n n  on tho bnais 
of t e s t a  now available bo recormendoc! nncl then be subnitted t o  
the c ~ s  t and r o l l oc i  nmor  groups  with a rcconmmdation that tho 

. t e s t s  be incor-poratcfi into t he  crnor syccif icntions." 

Mr. Bibber c o m ~ n t o d  on t h e  al loy s i t w a t i o n  ns prcscnlily by the 
Off ico of Production lkmgenent: 

" In  di$cussion w i t h  llr. H, LcRoy mitaoy in f'hshingtcn 
the a thar  hy, Mr. Whitnsr pointed out thht t h  nickel  situa- 
t f o n  w i l l  probably i n p r ~ v a  son;lwhndt over t ? e  c~rning pofl-r. 1 t 
is exoec ted  t h t  by the and nf poss ibPj  ~ c x t  :rear, that the  
nickei out~ut w i l l  hmr. boon irrpyovcrl o n  the order n f  t h i r t y  
per  cent, On thc n t h s r  _h-~?~nd, t h e  c9ronim s i t w t i n n  apparent- 
ly is .going t n  g e t  worse 2nd we don ' t  know how much worse. I t  
-* g e t  ccnsir!erabl,y worso becausa clzrnnitm, as ynu fill kn~w,  
cones f r ~ m  nrcae that might be cut cff  from us in n g r e ~ t a r  nr 
lessor degree. I cannot give you cxnct f i g u r n s  nn t h c  chronim- 

"As c sido paint, I might in fc r f ;  ynu thnt tho OPE1 is ming 
t h r c w h  ~~13. nf our l ow  alloy ?.nd  all^:^ s t e e l  spocif icat ians with  



s view of cutting out and reducing and minimizing a31 the stya- 
tegfc elements insofar a8 is poesible, simplifying them with the 
viqr t o  u t i l i z i n g  existing serape, and refusing the use of these 
strategtc elements wherever poesible. 

"It might interest you t o  know t h a t  we have i n  scrap, 
chrome-molybdenum scrap and we have nickel scrap, scraps whfph 
are very differeht t o  segregate i n  making pure s tee l  o f  arry 
of  these various groups, but if we caa t ake  any o r  all of theso 
$craps and throw t h ~ m  in the pot and add a pinch of that and that 
elsewhore and come up with a steel which has possibly 50 poin t s  
of this ,  that an4 the other thing, and h v o  the desirable nro- 
perties of a low a l loy  s tee l ,  wo have really accomplished some- 
thing, becauso the additions thon merely consist of  s l i gh t  ad- 
d i t i o r i s  t o  build them up t o  tho required arnowt. Now as a mat- 
tor of nly own personal opinion, frankly I don't know of  any moro 
important use for the chromium and the  nickel t b n  id those 
welding rods, ThRt, of courso, is my own porwonnl opinion but 
I a m  of t he  o p i n i o n  tha t  tho impartanco of t h i s  joining method 
is such tha t  a cansidor~tion cf t h e  use of theso chromium- 
nickel alloys is importmt for the tank builders' program." 

Anothor project by thr Elactrode Group was indicated by Mr. Brooker: 
"The welding of face-hardenad armor is a b i g  problem 

of a number of  tho builders of t a k s  and other armored vehicloe. 
The Blerctrodo Group has Me, Vm Dresor of the  MtQy Company who 
with the co-operation o f  t h ~  r e s t  of tho committee w i l l  prepare 
a wolding raanual on that eubject," 

At the conclusion of consideration of tho proposed alsctrodo activity 
Mr. McKbwell gave a swmary of the work of the Fstbrfontora' Resmrch 
Program Group as follows: 

"Tho progrnm o f  the  Rceoarch Subgrotrp coneistod of the 
welding o f  H and Y ballistic shock test  plates,  u s i n g  v ~ r i o u s  
type@ of  oloctrodes and v~.rious waldfng processee. Bnsod upon 
the resu l t s  o f  those b ~ l l f s t f c  t e s t s  of these plates and alao 
on the fabricntoraJ experience t o  date, the following conclu- 
a ione  havo baon drawn$- .First, tb-t on on0 quarter and ona inch 
faoe-hardened ,mmor, i f  Mp, boen found that e i t h e r  25/20 o r  the 
modified 18/& olectrodos have given f avorablo resvlts, from the 
experience of the different membors of the Subgroup of making 
these H nnd Y plhtes,  it wfis the  gonorel consengus of opinion 
thnt the Y type of shock t e s t  plhte wns tho onaier of  the two 
types t o  wold mb consequently, it can bn nssumod from thnt thnt 
the H typo contains more lockod-.up strosses than the Y type o f  
p l ~ t e *  

"In regard t o  homogeneous ro l led  armor, i t  hRs been found 
that 25/20 has proven most favorable and tha t  the modified 1.518 
electrode in most cnses hns given very fnvorablo results from 
welding both the  rolled homogeneous an@ the cast  bomagoneous in 
alJ thjcknesees. IFp t o  the present time, several tost plates 
It.at?s been w eldad with the f arritic t ype  of elec trodos which h v o  



proven satisfactory b a l l i s  ticclly . Rowever, to  datet* no fabrica- 
t o r  has used this type of e lectrode in the welding of tnnkx. B d -  
l i e t i c  p l n t e s  have nleo been welded using automatic tualding nro- 
cssses  ~nd. in several O R R ~ S ,  h w e  passed the  b a l l i s t i c  t e s t .  How- 
ever, it is bel ieved t h ~ t  the zutomatic proceefi i s  s t i l l  ih tho  
developments1 s tage ~ n d  is not yot ready for production welaing. 

"The following recomn~enbtions wcre made hy the Suhgmup 
and are herewith presanted f o r  tho considerat ion of  t he  Subcam- 
mittee: T h h t  for the purposes af e~pe r i rnea t~ l  and developlacntal 
work, the  temperature of the bcllistfc plates at the tima of 
f i r i n g  be recorded. That t h e  Ordnance Dtrp?,rtmont set up d e f i n i t e  
stnndnrds f o r  testing bnllistic s q l o s  with 37 millimeter and 75 
m i l l i m o t a r  pro j ec t i l c s  of the  slug type. T h a t  the  Ordmnco Dc- 
partment ser iously consider tho s t a n h r d i z n t i o n  of  chemistry f o r  
best  weldability of  amor plates and armor castings to be used 
in welded structures." 

Lt. Reed br ie f ly  discussed ballistic tsstitg of nrlnor weldments at Aberdeen 
Provlng Ground: 

"In regard t o  the b ~ l l i s t i c  t e s t  of welded armor p l a t e ,  
harenf t e r  except  in the case of l/btl fnce-Imrdenad plates, we 
have ceased t o  use a penot ra t i aq  t e s t  because i t  did not give 
us any particular results other  thnn tho  rcsietnnce t o  panctra- 
t i o n  of n wold and t h ~ t  r e s i s t ~ ~ n c c  t o  p ~ n e t r w t i o n  depends on t ho  
spacing o f  t h e  plates, whether o r  not y o u  b d  n hard surface on 
t h ~  weld, and depends on the strongth of the deposited matal tilhore- 
RS the shock resistance shows us whothcr or n o t  our vehic lc  w i l l  
come out of b n t t l o  nf t o r  it has becn hi t  a few times with a Zcrge 
p r o j o c t i l o .  AG t o  the  of data, avaj.lable b t a ,  f o r  draw- 
ing up standards for welding, the spocif i cn t fon  as i t  s t ~ f i d s  ta- 
b y  i s  going t o  require 1/411, ;4/4", I-1/2" test pl~tes f o r  shock 
t e s t s ,  thc 1/4" fnca  hardonad, to hnvo it rosist  penetmtion.  
Available d a t a  on  1./4", 3/4", nr,d 1-1/2" armor welded p l ~ . t e s  is 
small. I t  i s n ' t  negligible, but  it i s  very small and it is most 
d i f f i c ~ l t  to t e l l  n mn whether ha passes or fa i ls  when you b l v a n ' t  
seen enough t o  bnou what w i l l  fa i l .  However, we h ~ r e  drawn up soma 
standr.rdn thct we propose t o  prosen t  here for your comments, fur 
t ha  shock test, 1/4", j /k lr ,  nild 1-1/2" armor. II 

L t .  Reed continue& the discussion and o u t l i n e d  proposed atandnrds for bnl- 
listic t e s t s  under Specification AXS-497 as follows: 

"Or, the  H plate (indicating &awir4) f o r  ~ e c o r d i w  our 
ballistic drdte, we h v e  n form which cogtnins three II p l n t e s  
t o  scale. After onc round, wo l oca t e  tho positio~ o f  the  round 
on the s c ~ l e  and the  crackir,,- on the front of and t h e  back of 
the plate t o  scale. Cracking on the f ro r t  is represented by a 
broad s o l i g -  l i n e  ( fndicf i t ing) .  On thc back, crnclriing is indicated 
b cross hatch Lines (indicating). The proposed vt?lucity o f  i m -  
pact on both thc ~ / 4 "  fin? thc  1-1/2" w i l l  be two rounds at 1100 
and one at 1250. This i s  tho 75 m i l l i m c t o r ,  f1p.t  nosed s o f t  



p r o j e c t i l e ,  preferably 200 o r  l e s s  Br ine l l  hardness. The 37 
millimeter T.P. M51, the T.P. projectile, the  TOP* s tanding 
f o r  Target Projectile,  is a project i le  ranging in ,hmdness from 
about 180 t o  220. The deformation f s similar to the deformat ion  
of the 75 millimeter, f la t  nosed projectile, a photograph of which 
I have here. That is shape on impact, The 37 millimeter pro- 
jectile w i l l  be used against 314" plate, the 75 against 1-112" 
plate. 

"If our marksmen are particularly poor  that day and s trike 
on all one- leg hare, our  eqorience has shown that those plates 
w i l l  crack up t o  w i t h i n  the end of tho plate. It is reasonable 
that this cross-weld ie going t o  crack a certain ambunt, HOW- 
ever, wo have found that, for ixlstsnco, one round u? in here some- 
times will ~ ~ O ~ U C Q  no cracking. One round up in thera  w i l l  s o m e  
timns push through, but t h i s  wold hero is supposed t a  be strongor 
than this weld f n t ha t  the cross bar is a rostrainod wold. Tho 
weldera a re  supposod to be able t o  make t h i s  ono w i t h  groat QRSer 

A round hora ehould shoar the plate bnck. Honco we consPdt3r if 
t h t  cracks all the way ncrosfd, tho t h r o ~  rounds on here are a 
failure. f f  it cracks a small p o r t i o n  of tho WRY, i t  w i l l  bo ac- 
ceptable and then again, that dopends on how far over t k t  round 
lies. 

nWe hcwe not had sufficisnt 1-~12~' homoganeous plates in 
there so t b a t  we can make a p l o t  and f ind  out in general for 
instance sey with 25/20 electrodes and if wo could make a plot  
of how much cracking there  is w i t h  the l o c a t i o n  of tho rounds 
in inchas, then we could t e l l  whother or no t  thore should bo 
cracking in t h i a  cross bar, for instance, with the  round^ four 
inchaa f rom the corner. IVo cannot t e l l  t ~ t  t h i s  timo. Colonel 
Jenks has suggested tha t  in ~ d d f  t i o n  t a  tho threo forms,  wo kve 
right on the forms, tha radiograph of the plntee  prior t o  the  
test, so that wo can note right on one f o r m  how ths failure 
durlng shock teqts  progressed with rospoct to original cracks, 

$9 inclusions, find un of;cuts. Tho 3/4" plete w i l $  be tested 
in ha sans wqy. Tho 1 b  plate homogeneous w i l l  be mounted 
nt 75' obliquity nird struck with a 37 millimetar T.P. M51 at 
1400 feet  per second, f w c  herdenod nt 1200 f ee t  per second. 
We have made tosts on those platoa and we found thnt  the f ~ c a -  
hardened plates w i l l  bouncd t h t  projectilg o f f ,  Tho homo- ' 

genoous w i l l  re jec t  t b t  projectile up to 1600 feet per second. 
This will be a sibglo but t  weld, l oca t i on  o f  impEct w i l l  hnve 
t o  be with a qunrter of one c d i b a r  on e i t h o r  side. Fwd- 
hardened plnta w i l l  hnve to withetmd caliber ,Z0 A.P. resist- 
ance t o  ponetmtion," 

Sinco the specif icet ion proposos thrae standard thicknesses of plate for 
~ualification tests, thore was some q w s t i o n  by cer ta in  fcbr icn tors  as 
t o  what w o u l d  be done when none of theso stxndnrd thicknesses arc involved 
in the peftipulnr vehicle being fabricatad. Mr. Smith of Marmom- 
H@pringtba i s  concerned with 3/gn plate (arid 5/8" plate. Amoricnn Car and 
Fotm@ry have none of the throe proposed standard thicknesses, M r r  Mil ler  

a 



-6rs 

(ACF) made a suggestion: 
''It wp,; dacidod at a rneoting somctfrne ngo . thr  t we w o u l d  

bo allowed t o  wold the thicknoas of nmor nsranching the nanr- 
e s t  tbbt is l i n o d  up in the ~ ~ e c l f i c ~ . t $ q n ~ , ~  

To which Lt, Reed rcplkefi; 
"Many tank mnnufacturors nra welding averything from 3/8" 

t o  2".  That i n  i t s e l f  immediately londs traubln. Tho Chief of 
Ordnence deems it ndvisabln t o  s n l o c t  tlwoo thicknousus t o  wold. 
In your C ~ S C ,  1 doni t know w k ; t  Rctfon they w i l l  t a k a  on  thzt." 

There was no definite answer t o  t5fs question nt this time and Lt. Roed 
continued the  itiscussion o f  b~llistic testing': 

"afore 1 f i n i sh ,  them are savor,Q requests thnt 1 would 
l i k e  t o  make. We noo< noro ct-ttn on tho  plptos t h a t  you are 
wslding. Don1 t say Rc~ublic  m~do,  i t  or Carnagio-Illinois m d c  
it. would l i k e  t o  kaou h o ~ ~ ?  thoy mado it. Tht i1'Lforrnation 
is rhintaincil  on n conf iden t in1  status and as far RS we RTO conC 
corned, we w i l l  keep it an n confidential  baais, so there seems 
no hmm in p r  osen ting it,  Howevar , if soloone trikes Lincolnf s 
lArmarwold' and wolds up a p l r t e  rtnc? soys C~rnogSe-Illinois mdo 
it and i t  pnssos, well, we dont t know jua t how &xnogiwI l l ino i s  
made it ~ n d  to use t h a t  i n f o r m t i o n  t o  ,dvantago, we would- l i k e  
t o  know how Cnrn~gio-Illinois mPLa it, N ~ b e  sonconn n l s o  is mki 
ing plntes  tho s m e  as C,o.rnogia-Illinois. Thc mc? of  thc m n  
who welded tha p ln to  is very important .  If you have roof and. n. 
welding nschino mi! you buy some firnor plr t to nnl get s aan i n  t o  
wold i t  who i s n t  t even in y o u r  concorn nnd you SOD? i t  t o  Abor- 
neon an4 ?.onlt toll us ho welded it, wc would l i k o  t o  think you 
R ~ E !  qmlif iod for wolir,ing, but really, you w o n 1  t, 1% noes not 
seem i n  order t o  h i re  an expert t o  tvzld. a p l s t a  t o  q~lrzlify you2 
plant ,  when that expert i s  n o t  going t o  bu wclrling on your pro- 
duction l i n o ,  Chipping anit grinding; if gnu wclh  fnr ono hnur 
elu? chip fnr four ,  we uoulr'. l i k o  t o  know, Vhether y o u  uao  n 
weave o r  w h ~ t h c r  you uso s t r i n z a r  bcnde l u  your welding, wo 
w ~ u l d  l i k o  t o  lcnow, We hcve found thnt t ! ~ c  mount nf rafnf~rc- 
ing on  n wold grsnt ly influanccs brhothor th~t wold cracks or nn t r  
l?o m o s t  ur,-ently requost t h ~ t  ynu koep the nmunt of xcinforco- 
mcnt dnwn, k w  thz t o q e r ~ t u r o  pf tho plat0 pat tho tine ycu 
 tart welding and aq7 cooling thet you d l n w  yhilo ?rnQ nrQ wclfi- 
ing, would -  be w e l l  recorded.  ?re hme baa- instnnccs wherc one 

w o u l d  wold  a l i t t l e  i ~ h i l s  pan?. l o t  it c o ~ l  anr? ~0 ahear? and 
1i.t i t  coql, ,zad he g o t  through all  r i g h t  and nnnther nan t r n k  
his iil.en and irelilod it  nnrl diilnlt  c c n l  find i t  crnclted." 

Mr. Brnokar e q h s i z e d  sone cf the  p o i n t s  rofcrrod t o  by L t .  Rt?efi: 
t'Lieutonnnt Racd asked f c r  .Q cnnplet~ r o p n r t  of welliing 

datn. Ihos  overyono knqw t h e r e  is such a form as "fAS-1 for t h e  
repar t ing  n f  welCing n r m n r ?  If nn t ,  ~ e t  ncquzintsd wi th  it find 
use it. Othsrwise, +.tn ns Lisutermnt Reed has just presented. 



cannot be built upr As tu ty-pe of reinforcement, that  cam~ in 
for some discussion yesterday in connection w i t h  o ther  parts of 
497, It Mas pointed out that  t h e  code has standards for the var- 
ious  defects, among them being reinfo~cernents* ObviousPy a higher 
reinforcement such as tve have g o t  by some autom~tfe processes 9s 
bad. The specification to date bas permitted the  same reinforce- 
ment in a welded tank as occurred in the t e s t  p'lntes. q d i f i c a -  
t i o n  plates. There is nothing more to s a ~ t  thhn thnt we a s t  k@@ 
that reinfaxcemant down." 

A thought r e e d i n g  interpretat ion of results of b a l l i s t i c  t o g t i %  of 
welded plates at Aberdeon Proving Ground waa suggostod by Mr. 

"Having been nseociated with tho prqaration of  plates f o r  
about n year nokt and also having access t o  tho results of other 
people' s tas te ,  I bogin t o  doubt wbother or not it is wise t o  
have that data availatlo at the timo tho f i r i n g  I s  done. I think 
that the Ordnance Dopatmoat  could do a lot t o  reduce this t e s t  
to a 'go1 or 'no go' gropoaition, I hRvo had no occasion t o  
quostion thc results ns t o  whether or not  n dpocirnen fa i l ed  or 
did not fai l ,  but quite frankly, I do not agree in n number of 
instaces  rugasding tho interprotation placad upon the speci- 
men as rog~zds  its probable cause of failure, apd I m jwt won- 
dering whethcr or not suob intarpr~tntions n r o  not made in the  
light of data t h ~ t  is avaihble t o  you boforo you g e t  y o n  ra- 
sults, k t h e r m o r o ,  I think it m i g h t  be j u s t  as well t o  do tho 
fflring of thoso specimens in private dowa thore, f question 
whether wo am getting the best interpratation upon our  rosults 
when we havs g o t  tho man who mede the t e s t  standing over it 
telling you it's good rognrdleas of whether it wna nr not. You 
probably recognize tlmt ns a problem down there ~ n d  no doubt have 
had t o  contend with it; but ?in tho l o n g  run, I, think thora is 
more to  be gained by firing at these t es ts ,  deciding whethpr it 
i a  good or bad witbut kno~flodge af how t h ~  t e s t  specimen was mde 
up than there is in the other mamer*" 

This thought aroused aonsider~ble discussion, particularly f r o m  some o f  
the fabricators prosent. Mr. Biederman suggested: 

"1 don't bo$iove that informtion will hurt at all, I 
think that the more informatiolz we can gat, the bsttwr off he 
w i l l  be, 1 don't think ws h ~ v e  had m y  informtion.  I think 
we have been workPng down at the bottom of this heap without 
enbugh knowledge of the job Chro~ghouth 1 don ' t  think this 
information w i l l  hurt us because wo can lay it aside if wa don't 
want it, But it s t i l l  would bo available." 

&on questioning by it. b o d  as t o  what dab m$ght influence the inter- 
preftation o f  the b d l i s t i c  t e s t  Mr.  m a  replied; 

"Let us say, you aro porhapn n 'ba;2lietic expert* You 
need no t  have any knnwledge of walding nt all,  L e t  US scy 
whether or  not the plate Ps accqta l le ,  Let someone o l a o  f f n d  
nut how tho metdlurgical data and pmceduro of prepnratiop wos 
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associated with that fai lwe and perhaps discard o r  improve 
upon h i s  procedure for the preparation of better specimens, 
but if you know beforehand tbo i lgh  radiographic results that 
you have incomplete penetration on the croes member, or such 
as that, you can't help but be influenced in your interpreta- 
t i o n  of t h a t  failure by w h a t  you knew beforehand. you are 
speculating on how far the crack should have gono and 1 think 
tkzt ought to be takon out of tho -picture." 

Lt.  Reed pbintcd out that Abordeon Proving Ground had no reason t o  
arbitrarily pass or rojoct t ~ s t  p ln tos  boc~.usa of  tho mnnor in which 
they wcrc weldcd but that: 

" O w  primary in torcs t  is to g ~ t  tho plates tostod so thnt 
wc know that the tanks tht arc mnufncturcd by the vnrious 
pooplc arc going to s t ick  togothas when tkoy are hit .  we want 
tho data 04 hand so thn t  you can g o t  the r o t u r n  r e p o r t  quickly. 
That's w h y  r.rc want the b t c  1.rhci1 wc shoot. !bc n r o  proparing 
whi lo  trrc m o  firing nnd tsholl \so g o t  that O V ~ ,  IJD t m j  t o  ~ C V O  

tho informnbion back thc s w c  &,y if i t  is firsd bofora thrco 
o'clock nnd tho  next day, if i t  i ~ i l ' t a "  

Tho procoduro suggost~d by Mr. Trautmil: 
"3 dont t u~~dorstand, Mr. BPJWQ, how you aend plntos  t o  

Abcrdocn without thc t o s t  procodurc, At h l l m n n ,  wo hnvc tho 
govcrnrnont inspoctar  practicallg on  top of us just 'lookilj: nt 
cvtxy norrc that vc hakc, In fact, 110 h d  one p ln tc  thcra a l l  
wcldcd up thnt  lie didn't scc d l  tho dotai la  on nnd it wns j u s t  
t a k e 3  o f f  tho board. SO probnbly wc arc cbligad t o  do somothi% 
wc arc not  suppasod t a  do* Wc -b.vc s a n t  all our  i n f ~ r m ~ t f o n  
right along with our test plntos." 

The d c s i r c b i l i t y  o f  rndiogmrtphing tes t  plo.tcs by thi'; fabricator was 
indicated by I4r. Vcnncrholm: 

"Fcrd !"in t n r  bmpnny dncs tla sane th ing .  %cry p l ~ . % c  
is radiographed bafnrs  we sond it, tjhich I think is n vory 
goo$ prnecdwo* IQ t!zc ovant thc radlogm~ph romlts should 
nhow up craclcs, inc lus ions ,  bad pcnotra t inn,  I i~rc)ululdnt t sot 
cny scnsc I n  sanding them. Throw it out and got nnothcr. G o t  
n good p l t ~ t ~ .  T h t l  s 1-1ht~t thc dap,vtrnen$ wnnts--good platae. 
T h q  don' t v ~ n t  bad oncs. '' 

Lt. Rocd inturjccted n quostion; 
"Some day, somo of  you gcntlcmcn nro going t o  sw t o  me, 'If 

you hIad 8 : t m l z  it thcre,  it w o u l c l ~ ~  t liz,vc fa i lad ,  ' md I t l n  g~i l lg  t~ 
sw -tr! him, 'Why?' and Mr. Rq.v.~r\, IIfimt nrc  gr,n going t n  s~y?"' 

To which Mr. R~yfio roplicd: 
"T!x'~t ' s tbc eoTy quos t ion that c m o  up yes t c r h y  nsd somc 

~f o u r  pcoplc wcro vc r r  mch Incensed nlnut tho vory n-ttcr thc,t 



ybu b v e  been discussing here thirr morning and that was the rea- 
son for one of our recornendations that the Ordnance Department 
gtandardfae bn testing proceduresp We b d  the statement made t o  
our cdmmittee--erg strongly made, Low- that  if it1 a h i t  here 
the results would have been one thing; if E t  had hit here, it 
would have been mother, mthermore, the statement was made that 
w h a t  ygu have passed as eatiafaetory for one fabricstar has been 
turned down far another. I have no gnawledge of those test speci- 
mens, but 3: think that everyone on this aomi$tee, in particaw, 
ought t o  eLimLrrate any possibfiity of a banis for such statements, 
becauee I donft think i t f 8  the intent  on yow part that any such 
thought should be in the minds of anyone." 

A t  th i s  point Mdor Cox interposed a summrization:. 
"ell, I ' m  sure that  the situation does boil dom t~ thia; 

The A m y  i s  tryPng t o  do all it can t o  insure thett  tho mteridl 
going in to  tank$ i e  as good as wo can make it and nt the same 
timo, I t  1s not trying t o  put my undue restrictions on the m~xl tx -  

factmers, bocausa after ~11, it 18 asking for large numbers of 
tanks, we mat ospect  '.ups and downs1 but in the end, it will a l l  
coma o u t  aJl right. Now, carrying on further i n t o  the same eu'b- 
j o c t  of research and development progrm, I want La c d l  on sev- 
eral, other people but befora bi= so, ie everyone Pamiliar with 
WAS-1, the fo rm for recording welded armor data?'' 

Mr. Breaker elaborated on the US-1 form ~ n d  its aso! 
"Tho 1f~8- l  form is a printed form mde on tissue paper 

which bears blanks for avarything pertinmt t o  tho welding. That 
nenne the mnnor of preparing the grooves and tho mnaner of weld- 
it. la addltioa, on that form, tharo i s  h blank, or let me put 
f t this w ~ h e  is a section for ths bal l is t ic  testa ,  and a 
section fay the welding details, 5ho data on ballis tics of tho 
space f o r  ballistics is obviously something tbzt Lh0 contractof 
can't  f i l l  out, Nevertheless, it is o n  t4at form with other 
spa000 that ho oan f i l l  out, Ihc abjoct of this  i s  t h t  wan 
making a weldment, t h e  contractor  f i l l s  in w h t  he CRQ and aends 
the tirouo t o  tho proving ground whore the teefs is to bo made- 
Abardesn, in this case, f o r  weldmonts. The proving ground then 
entera the ballistic data in the b a l l i s t i c  sect ion of the f o rm  
aad duplicate8 it in sufficient quantity far distribution to a? 
aennle m a  to the company, Now, I w i l l  be very g l ~ d  t o  send forms 
to those people that don't have thorn, %t is more, the districts 
know thnt such forms exist and tho  district  should be able t o  toko 
care of that distribution," 

With reference t o  data on the a n o r  composition which iu regarded as 
confidential, Mr. &ery pointed out that: 

"1n regard t o  t h i s  WAS form, there is e. question thnt calls 
for ~nalysfs of armor pletas .  The contractor sever has that 
analysis, Now, I r o a i x e  thnt analysis of the armor plnta  is a 
rather secret e9fair but shouldn't thcrc bo n apace on that  form 



to put tho hozt number o f  tho nmor ?Into t h ~ t  wns weldad? Then 
I t ' s  m easy mttor t o  g o  bnck to the mnnufncturer of t h o  nrnor 
and g e t  t h e  anetlysia for the  Opmnce Dqnr tment  1,s privnto inform- 
t ion .  On a l o t  of platos we hnva woldad, there b.s been no heat 
numbor. X t WRG i q o s ~ i b l a  90 to3.3, w h , t  heat number thny c m o  f rom 
and I Pool that the heat number should be required on every woldad 
plnte." 

Major Cox suggested t h t  the Ordnnneo Dist r ic t  Off i ce s  s h o ~ l d  ace t o  i t  
that a11 fabricators operating under their  cognl~nnce have n supply of 
those  dath forms. Consideration was then given to dl-evelopmcnt and re- 
sc~lrch nt Ordnance Arsomls. Mr. Curtis s u m r f z o d  t h i s  sct iv i ty  nt 
Rock Island Arsenal La3oratorjs;  

"Rock Islnnrl h s  been working on fatigua te~ting of taeld 
natnls and fortunntoly, as rogarde t h a  wcldnent, u n f o r t m t e l y  
f o r  R deta i led  report, rrork i s  progressing slowly boc~use  fatigue 
t e s t i n g  takes considorable time, Hawaver, we hnve corrrpletod tho ' 
prel iminnry t o a t s  which have baen r qwrtod baf ore, indicnt ing 
that austenitic rods hrzvo considorably better fntigua proper tius 
than the f c r r i t i c  rods. At the prcpent tima, wo arc running 
tests for rollod welrlnarnts, ro l l04  t o  r o l l o d ,  rolloc? t o  eas t ,  
and cast t o  cast wclirnenta in asnar plr.'cos. Thosr Rro a l l  3/4" 
woldmonts, 3/4" i n  thickness, nnr! they h v o  been rnnrla up in YO0, 
120° tees and but t  w s l c l s  and the reaul t s  are very, aery promis- 
ing ,  showing tb,t so fzr at l a n s t ,  thore doosnl t seen t o  bc much 
t o  worry abut as rogarda fatigue. Thcse fatigue t c s t s  ~ws mdo 
in an o s c i l l ~ t ~ r  i n  vhich ve st tectpt  t o  overstrass the weld it- 
s e l f  ." 

Mr. Warner ou t l ined  the work  in progrnas nt YVntertow Arsenal Ieiboratary: 
"We are ccwrying on the stucly of wcldnbility of arnor by 

means of o-m single bead woldabi l i ty  test ,  which n goof! m-ng of 
you , l ro  quito fanfliar with. 1 n t h t  t o s t ,  tvo hnve pat present 
th ree  compositions w i t h  two thicknesses on trm of t h e  c n q a s i t i o n s  
and nne thickness on the  thircl. Ve 11zve ~ ~ d e  welns ?.t room t c *  

pernture, 100°F., 20O0F. , b o o ,  600O, 800° mi! 1000' tenpsrnture 
with 3 low carbon cover04 oloctrndo of cnvurad typo and a 25/20 
e l ec t rodq  a l s o  of  comercia1 typo.  Thnse we143 on th;: speclnon 
are mde with the two electrodes undor t h e  s?me current an4 volt- 
age condit ions with a n  nutomtic  l.rolcing mncbing ~t a f ixed travel 
speed of about five inches per ninute. 

"Ve have n o t  get been ~ . b l e  t r  exmina any o f  these specime~is 
but thzy era i n  process ~ . t  the  present time. Ilfo h ~ v e  m t o r i n l  ~f 
two  concti t i o n s  - nna ro l l ed  and one cwt, 1t1Siah ws expect t o  con- 
tinue with in the two thicknesses, 1/2" and 1-1/2", and- we lmve tho  
prospect of two t trlditional c o ~ ~ p o s i t i o n s  of tho r o l l e n  hornogonaous 
type. ?re are  endoa-ror i ,~  t n  got  as wida a spread. of comns i t ions  
in t h i s  stufijr as j ) n s~ ib l e .  In t??is atuuiv, there, is the  c h ~ m a -  
m ~ l y  type,  we nra  ox,mining one with  thc  high chrome in the nickol- 
moly type, and one with  the  high nickel  in the nickel-chrome-noly 



type with the medium carbon, both in the rol led and cast type. 
We Hope by %he next meeting of t h i s  committee t o  be able t o  
presept some curves of we1 d hardenabil ity, of these various 
compositions, the effect of the preheated temperatures on that 
herdenability, and also the effect  o f  the preheating tampera- 
tures on the original initial hardness of the armor Stse l f ,  It 
may be also possihle that we can have information on what terb 
perature i s  necessary t o  heat a weld made at room tempepature, 
which is approximately gaventy degrees, and w h a t  the e f f e c t  o f  
various temperatures w i l l  be on t h e  i n i t i a l  h ~ r b e e s  s e t  up in 
the heat-af f ect ed zone, I' 

From these remarks it was evident that the development warlc is concerned 
primarily with welding of hombgeneous armor. This was emhasized by Mr. 
Smith of krmon-Herrington: 

''Am I to underetand that pract icalv  all the work that 
ie being done from a research standpoint is confined t o  homo- 
geneous plate at the present time, and, if so, where does that 
leave the people that are out on the limb with t he i r  face-hardened 
business? We have done some work on our ,own in beldiw of face- 
hardened plate and t o  date, i t  seems to indicate at least that 
cooling means for maintafning the hardness of that face are 
either essential, if you are going t o  go to a continuou~ bead 
type weld, or, as seems to be the case at the present time, 
these a o o l i n g  means are highly Impractical, t o  say nothing o f  
being very emensive, It comes down t o  R method of fabricat- 
ing that 1 think Mr. Abbott of Rebold is better qualified t o  
deseribe t h a n  f an. It does increase the weight of the tank 
hull* t h ~ r e  is no question about it, and in our caee particular- 
ly, t h t  ' a  of extreme imnortance, But the method employed has 
some advantages from the standuoint of fabrication, from the 
standpoint of the elimination of the  distort ion problem and, 
warticularly , f ram the stsndnoint o f  maintaining ball ist  P C  
characteristics of t h a  plate i t s e l f  ." 
The method reftarred t o  by Mr. Smith involved a butt ja fnt  wfth backing: 

s tr ip  t o  which the armor is connected by plug welds made in holes drilled 
t h ~ o u g h  the armor  long the joPnt. 

Mr. Lair described the fabrication of a turret a t  the York plant: 
"About 1939. we welded one turret wjllch was made up of 

314" thick face-hardened armor,  ''78 welded that  u s i n g  a f er- 
r i t i c  electrode. At that time, the general market a t  least did  
not know about 25/20 regarding the weldlng of armor. we water- 
cooled, and faaed the hard side. Our process of welding was that 
we had a double V which had unequal beads, that is, the heaviest 
part, or the greater part, of the bead was oh the soft side. Tqe 
completed our weld'ing of the n o f t  sfde first. mile that welding 
was going on, we water-cooled the hard sfde and after that was 
coprpleted, we welded the hard side. It was also neceesary, in nut- 
ting in the f i ~ s t  beads, t o  peen In order t o  t&e care of contract ional  a 



stresses. fqe made no attempt, of coy:ag, t o  preheat it o r  any th iw  
l i k e  that. 1% were instructed t o  keep the teqerature of our plates 
below 250°F, and we did that by a conti-us f l o w  of water through 
a jig. -we had very l i t t l e  co&rnctioncl @tresses  s e t  up, 1 would 
say, because wo d i d  alleviate those t o  a ce r t a in  amount. I wolfid 
say subsequent passas af ter  the first paso on ench s ide ,  we probnbly 
d i d  peen a little o r  at leaat we did !?et thnt  a c t i o n  whoa we clennod 
the slag. All the welding nt t h e t  time was dona with alternating 
current with the  diameter of w i r e  of 1/8" and 5/72". vo u n ~ d  an 
extremely law heat--t,ht I s ,  thc low of  the recommended rsngo. I1 

Experience with faco-hr,rdened armor  fnbricz,,tion at A. C.F. was given by Mr. 
0 sha: 

 fell, an face-hardened armor  plntc, for some time f think 
we welded about 1700 turrets  of 1" face tmrdened,. We hago worked 
very l i t t l e  with anything; under 1%r over.. All n f  o u r  work 
been c o n f l n e d  t o  that; wo weldocl the f i r s t  few w i t h  25/20 and 
f rom there on, with modified 18/8, IVo dont t w o r r y  t o o  mch about 
coaling. The edges of t he  plato wero ro t~l tod i n  such a that 
the  heat  d i h '  t bui ld  up very much. We had no out sido conling ox- 
cept the air. We d i d  no prchtsating ~ n d  wo did no post heating. On 
l ighter  plntes, my knowlodge is practicnlly nothing," 

Dr. A b ~ r n  explained that recom~ecdntions had boon nnde t o  NDRC that a 
project  on  welding faco-hnrdenad =nor ho se t  up at Rock Island Arse r~ l  to 
-make a systematic s t a v  of tho problen. 

There was some strong feazing amng tha  fabricr.tnrs that a wcldod t e s t  p l n t o  
of the  II type wzs not reprosentp,tivs o f  tho pwfornaaco of  a welded hull. 
As a rzsult there  w a s  an &;itatinn f o x  6 t e s t  of s camplate h u l l  of ench type 
being mnufncturcd at t h i s  tima. Thf s idea was developed by 1:ir. h y m n :  

" ~ e f o r o  wa loavs tho subjoct o f  rceoerrch ,and in kcql i rg  
with Dr. Aborn's remrks also,  I would l i lco to reccnncnd t h a t  
t h i s  c o m i t t e o ,  throueh its Chairmcr,n, seck some mans n f  as- 
sociating the  iqnr tance  o f  t h i s  devolopcental work that we arc 
doing  with t h e  ultimte production possible ,  By that, I nean t o  
say t h z t  we are cfinfining our effor ts  t o  dnte th dev~lopnenta l  
w ~ r k  nn t e s t  ~lctcs, and thcse t e s t  plates  m e  so fa r  a f i e l d  
from the acturzl vehicle t h ~ t  we axe  trying t o  build tha t  tharc 
is rea l ly  no c~r?gai isnn.  Thero are nen in th i s  room tnday that 
I think are still wondoring whothar a r  ~ o t  errnor crd be welded, and 
I don't think that  we have done aqvthing t h i s  morning tr t c l l  then 
t h t  it can. Our u l t fmtc  and that w e  are l ook ing  fnr is In tegr i ty  
n f  thc  vsh ic lc  thnt we arc t r y i n g  t o  build by c welding ~ ~ O C O F S ,  

whether it is a heavy tank nr a medim tank, 13 larcc tank, o r  
uhethor it is nne n f  these scout cars, o r  m y  such nthor armred 
vahiclc .  It was our desire t o  subnit o2e -r two hul l s  t n  the 
Ordncmco D ~ n r t n c n t  tn be firod at, ?astroycd, benton richt 
down into tho ,~rcund -r t a s t ed  in ru,hatcvcr ;.*wner ynu pecplo at 
the Aberdoar, b a v i n g  G r o u n c l  f e l t  dosirnblc, The nnswor t-ht w o  



got was '&.I It i a  my understanding that the reason given was 
that we cowla ~ w t  &ford t o  lose or spare a single hull that had a 
poss ib i l i t y  of goPng on t o  the production l i n e .  Why, within the 
next 30 d a y s ,  there are going t o  be more man hours spent on the 
preparation ef test plates than it takes us t o  build one of these 
tanks, and i t 's  not unt i l  we f i r e  one of t h e m  tanka, destroy it 
and l e t  everybokv see it, that we a x e  going to get the d e g e e  of 
confidence in the process t b t  it rnerit~. There is no comparison 
between the failure of the test plate imd w b t  i a  going t o  happen 
on the vehicle. The mere mechanics of the assefably of the plate 
rule that out of the picture. Now, we have had two hulls - one at 
Bock Island and the other by tihe Carnegie-fllinois Steel Company 
ftred at Aberdeen Proving Ground. I b t  did you do? One, two,  or 
three slugs were thrown at each vehicle nnd %&id, 'It looks  good*' 
I must admit that they did stand up well, but it is positively 51p. 
possible t o  draw any conolusions about the ovorall use of weldixg 
for the building bf tanks f rom the firing that was done on thoae 
two vehicles, I know f irs t  h m d  becauee both h u l l s  have loen  
returned t o  our plant. I have examined them in detail.  We ass 
plugging the holes back up and putting the vehicles back in to  
somico, and the l i t t l o  bit of f i r i n g  t b t  was done on t n o ~ e  
vehicles tells us absolutoly nothing about what we expect 
f rom ours. I'd 15ke to strongLy rocommehd again that this born- 
rnittee in its interests iq research on this, give ~econaidaration 
to firing &t one of these hulls and bearing it ri&t into tho 
ground and coming. up with a real answer as t o  w h a t  can be expected 
of it." 

I t  was explainsd by Mr. Jeffries and fit. Reod that brtl'ListSc tests of certain 
welded f l 'ont  sect ions  of the M3 medium. tank built at tho Baldwin Locomotive 
Works had beon made ~t dberdeen Proving Ground, kt. Reed asked Mr. -0: 

" W o u l d  it be in order t o  ask Mr. h y m o  who supervi~ed 
the preparation of those f r o n t  end sections, if the* results 
nf those tes ts  caused him t o  comment as he dtd e ~ r l i e i  i n  the 
dayl I' 

To which Mr. Raymo replied: 
"No, sir. I would sw not.  I think tare had an absolutely 

fa i r  t e s t  and f think the point that we wanted t o  fine out was 
very amply proven by you down there. lye find it impractical to 
give aw consideration t o  the type of design that f a  being gon- 
srally considered in the building of theao vehicles, that is, the 
use of 1/4" t o  j/g"rat gap. Now, when the rest o f  ;you start 
putting these vehicles together, after you build the first one, 
you are goiw t o  forget about that gap and in mnsequence, our  
radiographs showed that with the type of j o i s t s  that we are us- 
ing, that there was a distinct line of incomplete fusion at  tho 
root of the double-bevelled joint; that it was characteristic 
throughout tho  structure rather t h n  just a epot  here and there. 
Me were all very m h  concerned about it simply becauso o w  
whole thoughts and theory prjot  t o  that time was that we should 
do s~erything possible to get 100% through j o in t s ,  Realizing the 
~ W Q  s a i b i l  i@ on an overa31 average condition, we submit tod those 



f r o n t  plate sect ions as representative of the conditions that 
actually existed on the etructures as we are building them today. 
The assembly tkt I speak of consists of the upper front plate, 
of the lower f r o n t  plate, and the left slde sponson plate, con- 
s i s t i n g  of two sect tona of two-inch mmar and one piece of 1-1/2" 
armor. Thesa specimens were fired at, and I believe consfdored 
t o  be quite satisfactory, certainiy giving evidence thnt there 
need not be much concerh about that la& of 100$ j o i n t  there." 

/ 

Lt. Reed interposed a question: 
"And, Mr. Reymo, did you explain that these plat os wero no t  

nrepnred as you would probably propnro thsm for welding?" 
a 

To which &. h y m o  re-plied: 
"Well, that isn- qquito so, Licutam~nt .  They were praparcd 

just exactly as they would be, as we aro building o u r  stlvcturos 
at the present time. Thc o n l y  p o i n t  t h a t  might bo well t0 
explain t o  the group is tha t  in goiw from n rivetad structure 
t o  A welded structure, n ~ t u r n l l y  there io a g r e a t  den1 Of nrmor 
already i n  our plant thn t  kils been sized for r9vatin.g. Theroforc, 
IUC h v a  no choica about w h a t  thore i s  t o  me. If thc plates 
ware s i z e d  di f foront lg ,  parhaps ahapod n l i t t l e  bit differently 
i n  many instances on this vehicle, it would be possible Lo ar- 
rive at a fm more d e s i r ~ b l o  wpc of j o i n t ,  both re la t ive  t o  
volume o f  rnot,?l to be deposited ns well  ns accassibi l i ty t o  the 
jo ints ,  T k t  condition w i l l .  bo peculiar t o  our p lnn t  fnr some 
m ~ n t h s  t o  come, simp12 because t h o  armr is there, sized and 
up f o r  =other prncoss of  assembly. ant tho j o i n t s  t h t  wore on 
t h i s  tank--on thcsc f ron t s  rathor--me absolutely roprosontntivs 
of  what we are building i n t o  our w~lded  assamblics t o d q . "  

L t .  Reed explain~d tho details of the ballistic tes ts  and- tho cracki-q which 
resulted. Theso data apposed t o  indictzt.~ that a 100% welded j o i n t  is not 
essential  rlccessslrily t o  satisfactory bal.listic p o r f n r m ~ n c o  as pni:lted out 
by Mr. b y n o  : 

"On that structure at that poict, 1 think all  w i l l  rendfly 
roalfze that tho thrcwwny, three-nrgle i n t o r s o c t i o n  there  is 
an extremely d i f f i c u l t  nna to weld, As wo ~xamin t .  t h ~ t  pnrticulnr 
sec t ion  *by trqy of c o q n r i s n n  w i t h  G 6 6  work or snmo such st~,ndard,  
anc would be h o r r o ~  strickun t o  see the cnndit inn nf the j o i n t  at 
that poin t ,  w i t h  big pieces n f  slag in there and c~mpletolg ur?- 
welded sections, HOW could it be ntherwise with the t : , ~ o  ~f i m e r  
sec t ion  that thore i s  there? Yct, S ~ L i e v e  ono ~f tho pro j ~ c t i l s s  
hit square o n  that i nnor  sectinn, did. it co t?  And 1 th ink  it shows 
tht t h e  joint s t i l l  stands uq f a i r l y  well." 

Mr. Bibber obdccted atronuously t o  t k e  argunent: 
nAs tho p r i n c i p d  rt&oc&to and principal promulgntor o f  

the open typo n f  j o i n t ,  I c n m o t  p c n i t  Mr. *no's st~, tener , t  that he 
mda go unehd.longc4. I th ink  that Mr. Rqvrno !ms riven this nnat ing 



an idea  which I personally believe Es not  true, I believe t h a t  
the open me of j o i n t  is the  best  t;rpe of j o i n t  that can bo 
used for t h e  making of theso tanke nnd I m advacating the npon 
type of j o in t s  bocauae i t  is easy to f abricato and e m y  t o  put 
togethert I disagree hear t i ly ,  100%~ with Mr. bymob s statement 
that the tank cannot be bui l t  and in suqpcrt nf that ststenront, 
I point out that I have built  a tRnk using the open ja in t .  The 
idee nf the operl Joint is wholly promoted t o  facilitate and d t e  
fabricat ion OELSY. It  makos the  ~asiost m e  of  1005 penetration 
joints.  If you & n 1 t  want 100% penetration, you can mdce I t  ortsy. 
I f e e l  strongly that we h~,ve onmething vory definitely good to 
o f f o r  the tank committee and th i s  tank building industry, and I 
hopo tha t  you w i l l  not merely cnnrlemn or accept t h i s  type of 
joint o n  w k t  either Mr. Rayno nr I ssy but w i l l  look l n t r  t h i a  
matter for yourself and see if there aren't some verj goad things 
t o  be said for the open tme 00 ~ o i n t . ~  

With reference t o  the l oca t ion  of cracking in tho welded j o i n t  due t a  
bal l is t ic  impact, Mr. Jeff~ies suggested an interesting viewpoints 

"There were several points which I w o u l d  l i k e  tn call t o  
your attention. I have given i t  n $sent deal of thought and 
it Beems t o  me that these particular po in t s  should be cnl led 
t o  y o u r  fittention. One df them is that i n  the cracks t-hat de- 
veloped in thase weldnsnts, o n l y  part of the cracks were in the 
weld metal and the rest of the cracks were at the Interface be- 
tween the f i l l o r  netal and the platesm Now, IIP we aro testing 
plntos, then we are interested in the several velocit ies  no 
doubt. If we a r m  intorested in the weld net&, we know what tho 
ballistfc characteristics of tho weld netal a re  because, even 
though it is not a sounit wald in the f i l l e r  n e b l  itself we nre 
l ikely  tn ge l  pret ty close t o  80$ eff icf  ency in the b n l l i s t i c  
efficiency in the wold, but the th ing  that intarested ne most 
is the crack t$af occurred f i t  the interface between the  f i l l e r .  
metal' and tho p la te  itself. If the weld is efficiently mde,. 
the cmck, I t  seems to me, ought tfi be in the f i l l e r  metal and 
not  at tho interface. If the  wold i s  not properly M e ,  tho 
crack is more ltkely t c  occur at the interfaue. So, in laokfng 
at theee welds, in that semqd nasembly tho impact at: the crotch 
caused a craak t o  extend down to tho next impact Znwer thnn the 
crotch, The impact alove the crotch cawed a crack t o  occur d- 
most the entire d t s t a c e  between the crotch Nlil the top, but the 
crack above tho i q a o t  wns in tho fIller metal, wharens it. w i l l  
prob~bly be covered Intar on when we discuss tho question of 
in~pe ,c t ion  of welds--tht nehns thnt the weldmeqt, thnt the 
integrity of tho welilnent, at the interf,wo must be 1 0 0 %~~ 

%on question by Mr. Biedermnsr, b, -0 stated that these t ~ n k  f ront  
sections weigh about 2300 lbe., MF. Biedexman remarked: 

"How nuch did t ha t  mve when you h i t  it or did it nave? 
Was that held just  as r ig id  as o u r  tost platbar Juet RB rigid 
as if tha t  was a 3 b t o l l  tank? That's a p o i n t  that's going t o  
provo out how good tho wald was under shnqk. If P t  mnved an 



inch mder certain poundage, i t  is g o i n g  t o  be dif ferent  than if 
i t  moved six Enchas." 

L t .  Pless explafned the set-up for firing these front sectio!:~: 
"It 1s impossible, as Lieutem~t Reed s a y s ,  for us at the 

P r o v i n g  Ground t o  support a structure of this type RS rigidly 
ns  it is on a tmk, because we don ' t  have the  facilfties. We 
d o n ' t  have the j igs t o  put such  n atnlcture on, so the only  way 
we call support it is merely t o  set it up in f r o n t  of a butt con- 
sisting of heavy plntas nnd hlock it ug in back with  hecvy ti= 
bers, and thzt is  the way those sections were s e t  up find ~ f t e r  
each round 'usually tho sect ion is turned over by Cho i w n c t  and 
wc have t o  s e t  it up again by a csnne before we can f i r e  g a i n .  
Naturhlly, that  i sn l  t the bast  procedure t o  use, but it is till 
we c w  use with these sections." 

To which Mr. Bisdornan commentad: 
"Well, if wo coula t&u those t e s t  ~ l n t e s ,  n s  far as de- 

cidlng th8t would be R good weld plate, t a k e  these t e s t  alntos 
and hang them on a chain o r  cable and hit them, f don' t think: 
we w i l l  hnvc arqv of then fai l .  If wu put them into fin ehutrnant 
and hold it s i x  inohcs o n  ench aids ,  with rcclly only 24 or 26 
or 28 inches of it exposed, you do n o t  ge t  t h o  fu l l  impact on 
the weld. I think there is quite A differenco,  T h t  is wbt 
you mew, Mr. %,vmo, as t o  t i c  difforcnce betwoon this End the  
t e s t  platos." 

Mr, bpmo reiterated and eqhii.sized his srgmcntr 
"Yes sir,  Mr. Biodermn, you hav0 md8 a very strong p o i n t  

nnd it is exactly whnt  I had in mind. ''?o hnd R nwnbor of these 
t e e t  p l z t e s  fired A?,, together with theso f r o n t  sections, and they 
hwe  boon reported satisfactory. For all I kncw, maybe we ars 
still kidding oursalves but i n  t h o  l i g h t  o f  the  tcating that k s  
bean done f o r  us t o  dht0, I don ' t  think we know y s t  what to ax- 
poet f rom the vohiclo, and f don1 t think wc will know until %rO 
f i r e  a t  t he  vahiclo and b ~ a t  her right i n t o  tho ground and f i n d  
out, and I thi.nk a l l  of us u i l 1  ~ f t o r  t b t ,  The p r e p h r ~ t i o n  of  
thesa test platos  has a very dof ia i te  place i n  t h o  devclopmostal 
work that our subcommittees are carrying on, md the other is mere- 
ly offered as a suggestion of  getting over~ll n quicker end more 
conclusive reault  than what we have b ~ o n  abla  t o  ge t  togethor on 
the basic of simplo t e s t  plato data t o  &,tact' 

Upon r o q u e s t  o f  k j o r  Cox, Mr. *rno mnde a m t i o n  thnt the Subcomittce 
recommend hc,ving n colnplete tank hull fired at for b a l l i s t i c  perform- 
ance, Tho discussion o f  this motion occupiod the reminder o f  tho mcrn- 
ing sessioc and a vote was n o t  t&en ~ t i l  t h e  ~ftarnoon session. ! k c r e  
as, a t  first ,  thc sertiment was s t r o n g  for firing R corqplete hull, rf ter  
considaration of  tho urganqr n f  the  production ~ r n b l e m  rind tho ncod fox 
tanks and r?.an3f of thorn, the trend soomod t o  be toward ~ c c c p t i n g  bcilliatic 

@ tests rf parts of tha hull nr typical woldncnts ns praeeribed by 



Specification AXS-497. The general outline rf  ciiacuesfan f s in- 
d i c ~ t e d  below: 

MRjnr Cax: 
"Mr. Rayno, you re re  n member of our Subcommittee and t h e r e  

fnro you have all the privileges of t h e  Subcodmittee. Now, if 
you want t o  make your remarks in the form of a motion, that the 
Subcommittee recommend having a complete tank f ired at, if so, 
we can so go into the records that you have made th i s  recommenda- 
t ion,  i n  the form of a motion," 

Mr. Raymo: 
''Yes a i r ,  I would l i k e  t o  do that, Whether o r  n o t  it is 

one of our hulls  or someone else's makes no particular difference 
to me, f think that these i~ much t o  be gained from that type 
of an examination of what we are nacomplishing or what is pos- 
s i b l e  t o  accomplish in the w h y  of  fabricating these vehicles by 
means of welding. 1 would  l i k e  to make t h t  motlan." 

Mr, Jeffrf es: 
"Since I brought these points out, and even though 1 dis- 

cussed i t  with you and also with Lieutonant Reed, I am a little 
doubtful whether a test  on a complota hull w i l l  t e l l  you vary 
much more than you c m  g e t  on a smdl sect ion such Ra wo t e s t e d  
a faw &ys ago, and for the very specif ic  reason thnt  I s t i l l  
think we are t csting t h e  intogrity of n. wold rcthar thm the in- 
tegrity of tho deeign. We must determine whcthar tM.t wold is 
made so that it w i l l  hold  together. If it is hit by 8 37, it 
probably w i l l .  If it is h i t  by a 75, it probably w i l l  if tho wold 
is good because of tho ductility in tho f i l l a r  m e t ~ l ,  eo thn t  I 
think in the interests of production--bocnuso I know how roluc- 
thnt the Chiaf of Ordnmco i s  t o  smashing up a completed h a l - -  
1 s t i l l  think tao can got the same informtian f rom an rtssembly 
such a s  whs recently toatad without tho economic cas t  of a h u l l  
and it will t e l l  us more &bout w h . t  we want t o  knowOfl  

Mr. B i e d a r m :  
"Mr. Jof fr ios ,  you pmtly  a n s w m d  qyestion. If you 

do get  a. hull  there, it would bo very -eBsontial th.t YOU load 
thnt h U k  up with a weight in proportion to tho wtsight of the 
tank &uc to tho fnct  that the weight moving m d  frrpcct have both 
got to. be memsured nnd if the wolds aren't good enough, they will 
e t i l l  hold*" 

Major Cox: 
"Prnkly , Mr. Bfodorman, I thf nk you hcve a goo4 point .  If 

wrs pro shooting at t h i s  t ~ n k  w i t h  rn over-me.tching A,P. project i l e ,  
I don1 t think it will mhka any difference whetha  you swport it or 
not,  but if we w e  shooting at  it with some of t h ~  slugs, i n  s o  
doing no are attempting t o  m~luato the rosistanco t o  panotra t ion 



t ha t  tEle stnzcture will give us, hu.t are attempting in some w a y  
t o  foe1 out how sound those welds are. We know from firing ex- 
perience t ha t  i f  you hang a 1/2" p le te  on a chain and shoot  it 
with caliber .50, it makes little difference whether it is h a w  
ing freely or against  a baclr s top t h a t  will hold i t  firmly. I I  

Mr. Smith o f  Marmoll-Herrington raised a poEnt about i n t e rp re t a t i on  of 
wold perf ormanco: 

"IfelI, in th i s  dlscussfon, the stress seems t o  be about 
the plate, particularly upon the welds cracking, or cracking 
in the plnte adjacent t o  tho welds or something of that nature, 
but thore saoms t o  bo very l i t t l e  importance attached t o  the  
Pact that even the s o f t  project i le  goes through tho plate ad- 
jncont t o  the weld as indicated thera r e la t ive ly  nt some dis-  
tanco f rom the weld. Am 1 supposod to understand then, th-t it 
is far rnoro importnnt t h ~ t  tho wold hold up nnd tho p r o j c c t i l o  
go through tho plate7 f f that i s  so, then we &.vc bean b a k i n g  
up the wrong treo for a long time. Dur efforts  hnve beon c o w  
fined chiefly to ih soma mnzlncr wbldiw th;: plnte so that tho 
s tructure o f  thn  p l a t e  is not chanp;cd and rsduco it below its 
ballistic limits RF n I Z O L ? ~  plate. To dnto, whether it i s  
shear luck or ignorance on our part, wu haven't had a s i n g l a  
weld f a i l  from shock, Wo have had no wold at  any time show 
cracking, even under radiographic inspec t ion*'" 

Mr. Smith went on t o  o x p l ~ i n  that b i ~  shock t e s t  f o r  3/&" fac~hardened 
plnte is: 

''Machino gun bursts, c~i l ibor  ,TO, servica lond, Also, it 
wns our  understanding that f o r  the face-hnrdaned, 3100 f o o t  a 
second, .5O caliber, wlth the 242 projoctilo w a s  stcnciard and is 
the standard which we were t ry ing  t o  mnintnin. Our efforts 
bean, a a  f said, confined t o  perfecting tha welding technique, 
t o  disturbing the p l a t c  ck.tracteriatica es l i t t l e  as poceibla t o  
prevent penetrat ion of tho slug, PJe h ~ v c  had no dif f icul ty ,  ss I 
said, with tho welding i t se l f  failing or the crncking of the  wc1.d 
or adjacent rnotals,l1 

Lt. Rood commcntoda 
"Tho use of n smd1 arms projectile l i lm cnl ibcr  .3O nnd 

cal iber  .501 rapid mohino gun f i r o  burst, 15 t o  25 rounda a t  
a shoclr t e s t  i a  quostiona%le in q r  mind, M r c  Komarnitsw wolds 
I/&" face-hardanad plato find tests according to tho spocif ications 
of ..jO caliberl Then ho puts in caliber -50 nnd he ends rrp wlth 
an ?d weld and no plates present. In other  wurda, he shoots the  
p l a t c  away from al l  around h i s  weld. Thic; (indicating) is \rL?t 
he had and he oats t h i s  out and hc c a t s  t h i s  out nnd his weld 
is st i l l  there uncrnckod which in i t s e l f  iatlicntos that that 
shock t e a t  is not ndeq~mto. f f  wo conaidor  the shock test of a 
weldment, a hidl veloci ty  impact bond o f  t h o  plane of t h ~  plat*- 
for fnstnnce, you h ~ v e  a flat plate hero nnd d.1 of a sudden you 
make it look l i k o  this ( indicat ing bowing), Tlmt is what wo 



cnnsidor a shock t e s t .  T h ~ t  i s  why wa bavn gone t o  the 37 n f l l i -  
ncter project i la  an 1/4" mcl 3/4" md 75 millinetor f lat  nfised 
projectile an 1-1/2". Wo know n,n A.P. w i l l  gn whipping on through 
thore and won't an this.  

Mr. S ~ f t h  gathered f rom Lt, &ad1 s remrks th,t nn the 3/8" f?,ce-h?-rdened 
p h t e  a 77 nm. prc ject i le  with vblfquo inpact should be used, Zt, Reed 
explainon tha t  such a test should bo tr ied out t o  see whether it wnuld 
produce the desired effect and aontinuad: 

"Those aro al l  deoolopnenta thnt brave t&en plnce in n. year, 
Abrut a year ago at this  time, US-497 wns n n l b d  frcrrn a node1 in- 
t o  a nnndescript ehapa. Tho &my had not  nuch h t a  t o  use for 
drawing q~ such n spacificntfon~ There was much mguaent about 
f ine  poin$s and there  wns a tentlenw t o  slide over xhther rugged 
points. Sinco that time, we hi,va f i r e d  A t  cliff erent welr?ed plates, 
but wo didn't  r aa l ly  s t n r t  firing at  plntes until about September 
of this y w r p  WO didn't get nny dnta botweon J R ~ w . ~  and Septsm- 
bcr nf arly importmca. l e  gnt a SOW things, but we coul r ln l t  back 
thorn up with other tes ts .  Sinco S~ptombor we hRvs h~ld plate8 from 
k n e g i o - l l l f n o f  s, Fisher Body, and Ford, of suff icf ant nuiiber 
tbt we aan got ah idea of w h a t  i s  w h a t  and that has led us to ths 
conclusinn thot we nust use a lnxgex projoctils o i the r  normal or 
nt nn a-o such as dl1 give it an bond." 

Mr. smith mdo an obsorvntinn roamding bal l i s t i c  t a s t h g ;  
" 8  belfevo that &. Srnokor is noro fmiliar, pcrbps,  with 

our  problem and f stoppbd in to  this mooting conplatoly ungrqsred, 
T finct, t o  even talk in the same terms em you ponple have baon 
disgussing as t o  w h t  t n  do and why ynu 3-0 i t ,  Is the i n f o m -  
t i o n  in reg-4 t o  face-hnrdenod plate so  now thslt thore i s  no 
&!tit OX1 it?" 

Et. Reail repXied: 
nWell, the fac t  thnt wo diJ.nl t 8.0 muck shnating betwoen 

a year wo nnrl last September indicates that  snmehno was a l i t t l e  
slack an shnhting nt ~lztos, We shot  at plates  which WB h d ,  We 
welded. up a Pew ourselves, but I imagine it was assumed thnt those 
men who were going t o  weld ,armor plates w m l d  senfl in plates and 
f i n d  out w h a t  the story was*  We went. f r o m  January t o  about June 
shnoting; practically nnthlng, In June, tho Research Subgroup was 
formed, or thereabouts, mi! we stttrtod getting in plntes but as f 
said, thera was no real i q o t u s  t o  th is  u n t i l  hcetP1it ios  a k ~ r t e d , ~  

Mr. Smith was endoervoring t c  r j b t ~ i n  some definite idoa as t o  shnck re- 
quirenent~ for wolds in face-hardonad wnor end asked f o r  that inf orma* 
t ion.  Such data are not zavailnblo at t h i s  t ine  acccrftiw to Lt, Roed, 
because there hasn't beon ennup;h tosting ~f vrolcleil faoo-hardenon armor. 
Abardden Prnving Ground Os ncemulating 6atn t o  stanfiarflize ballistic 
t e s t a  ns eaon as posaibla,  &t. Roed continwdt 

"The very fact thnt we have qeasod panetration 'coats o f  the 



weld and+ t h e  very fact that we ad-~it  you aas get 85 to 90 to 105% 
expected pene t ra t ion  resistance indicates that we exnect the  weld 
not t o  be an coo4 ae the platee .  The fact t k t  i t  went t h r o w h  
the plate  and oat  the  weld does no t  mean that  we w a n t  the weld t o  
withstLmd penetration bet ter  than t;he plate, Let's forget pene- 
t r a t i o n  except in the case of t h i n  s e c t i o n s  of facc-hnrdenec? plct~s, 
and think only o f  shock. As yet, we have n o t  ,had t h e  exporiencc 
to l o o k  nt an X-ray and- say that it is practicnllv on a 20' to 
bo p1c.n~ t o  that 1-rw. However, the littlo, rind unconfirmed- 
but-oncc data that we L?ve i r d i c ~ t s s  that c m c k i v  during welding 
up along tha t  p l m a  w i l l  d l o w  failure along t h ~ t  plane and w f l l l  
bpen up in soma cases, Now, it looks n s  though Mr. def f r i c s '  
p~oblam is to sea that t h e  wsld isn't finished with a crack in 
it at the plant, It seems tAkt our problurn is not a t  Abnrdecn 
but right over the shoulder of tha man who is ttelding. ff 

Mr. Iqnrnsr added n c o m o n t  on the present wolding situiq.tionr 
"I just w a n t  t o  comment briefly on Mr. Jeffrioe' remark 

about the in tcgr i tg  o f  t h o  wold and the last  f aw rerawks that 
Lieutenant Reod mnde that whether the mid c r ~ ~ c k e d  i n  thc weld 
metal o r  i n  tho fusion zone is not en t i r c ly  a question of tho 
Integrity of the  plnte joint, zs t o  whether it is hardenable ~ 1 0 %  
sfdc of tho weld. That n .1~0,  to some extont, 9s a function of 
how the wold i~ made, it is truo. %nt n l l  leads me to scgy t h ~ t  
we need t o  be cautious about condom~i ig  thc armor plat8 mnufac- 
turere. Rtmember, gantlemcn, t h ~ . t  WB are trying t o  switch over 
from nn osCablished prnetice o f  r ive t ing  in which the comflos i t i o n  
nnd thc hnrdness of the  plate do not p l , ~  ~.nywhare nenr tho im- 
por tan t  part t b t  they do in welding. These mnuf~cturers of 
m-torid. hnvc a procedure nnd nethod., a plant  cost ing a good- mr,rqv 
thou~nnds of dnllnrs  plready s e t  m t o  proCluce this ~ l ~ , t e  t o  ab- 
t n i n  sctisffictoqr b n l l i s t i c  chnrncteristics.  'Salding hns como 
i n t o  the picture* Some dw we r,lP,u h m c  ,7 uniform camnnsition o f  
m m o r  2nd processing vrhich is very readily iseldablc ~ n d  s t i l l  ob- 
tain sntisfhctory brl l i s t i c s .  I bol icve t.kt will corns ovantud- 
ly but until i t  does, we w i l l  hnve t o  boar wlth  it and as Mr. 
RRgno says, bui ld  t a r r s . "  

Lt. Bead continusd his discussion of t h o  problom of - bnllistically to~ting 
a cornplate tm hull :  

''Tat? thicknose of tHe plntas, tho rnglo of obl iqui ty  aod 
tho  difference in the typos nf weld on a tank mke that  problcn 
mch greater. It is not a linecar fuilction. Wo m a t  clsr! r e n e b  
ber that whon wc s h o o t  ~t a tank, t h o  oy,?a that regard the tmk 
arc going t o  bo ayas o f  men i n t a ro s t cd  in different  things.  Ona 
man is intercstod in the cesthctic ~ ~ p p r e c i a t i o n  cf a gnod wold.  
Another man wants t o  get tanks  o u t  no matter how they are a ~ . d c  
snd there w i l l  Ba R middle man nhc w i l l  say, 'We h . v e  g o t  tn h n ~ e  
tarks and they hrsvo gn t to .bo rtf,reld~?d r tght  . ' Ann ther  ran-  will sip,,, 

'Ha matter what the  w e l d  netnl is, as long as I t  is welded, we w i l l  
trrke it. ' ? h e n  these non g o t  together, they xnn' t agree because 
thap %r.vepl t g e t .  " 



In the discussion which ensued questions were naked regarding the basis 
for ova'luntion of bal l is t ic  performance of n riveted tank but there 
were no answors. Mr, Jeffries insisted th t  from the viewpoint of 
inspection the desire was t o  determine the fntegrity of the wold not the 
integrity of R thnk hull design and he remarked? 

"I would l i ke  t o  o f f e r  a n  amendment t o  Mr. %mots notion,  
which i s ,  that thid committee, in tho absence of any other in- 
formetion, at Least tentatively accept nn assembly f o r  shock 
t e s t s  t o  determine tho integrity of the weld similar t o  th i s  one." 

Mr. Tqylor  of Linooln n e c t r i c  Corrrpany who h ~ d  rnised a question about 
terttfng riveted t d s  insisted on an answer to his question ~ n d  Lt. Reed 
replied: 

I1We know that rivets are not ns good as welds. We know 
that you don't even have to deform a plate t o  send r i v e t s  fly- . We know t h t  th3 width of vulnerable arm6 on riveted 
temk joints is tho width of the butt strap. f f  you can daforn 
your butt e t r ~ p ,  you are going t o  @hem o f f  the  rivot head. 
Wo k a ~ w  tho width of vulnai-hble a r m  on a welded tank is much 
smaller than thp,t, X t B reduced from 7 '  t o  &bout 3''. Hence, 
we know it is gofng to be all th6 nors &iff icUt t o  get deforma- 
tion on n welded tank. It means that ws are gofng t o  have t o  
hit in smaller areas when we are not t o o  good with  the bigger 
areAs. Now, RS for the detni le  of the t o s t  on the  riveted tanks, 
I don1 t think they a r e  noeemary here. I dont t think there is 
a man here who couldnlt hazard an opinion as to what would hap- 
pen if you happened t o  h i t  right ' there (inclicnting) r The o n l y  
thing t k t  we Gtm, do is hit right*ere, Ve are going t o  h ~ v e  t o  
aey, may h i t  thoret but the probability is that we bouldntt 
hlt there. Xn that event, t o  nake this t o s t  mean anything, we 
are going t o  have t o  shoot  up nore than one medium tank." 

Upon further' questioning fit. Reed stated that firing t e s t s  had been 
&a on an M2 l ight tank, an M3 light tank, and an Mj nedim tank, a l l  
of rivetea construction, On riveted t e s t  plates the fol lowing results 
were obtained': 

"The riveted tost plates consisted of two, four nnd s l z  
preparea plates. Tho of them wore prepared by Mr. Bibber, h o t  
riveted, one for shock, and one f o r  resistance t o  ponet rn t ion .  
The shock t e s t  broke the plate in two. There were 10 rivata 
on each side of the butt.  lg rivets flew out of the  top one, 
The one &t the en& on one side of the butt strap stayed in 
plaae md the one on the outside o n  the ~ppoalte ond on the othsr 
side a f  the butt sttap stayed in place and we hnd a Z &fair, 
The resistance t o  penetration is, as wo always knew, if you hf t 
cloae, you night shoar the rivets out. If you h i t  directly, you 
w i l l  knock it out. The other riveted p l ~ t e  wets a cold-riveted 
plate ,  and wo found out  on tole-riveted platers, t h q  sealnod t o  
fill the hales better mc? when hit the  same as hot rivets, the 
heads n i b  t f Ly out. " 



Mr. Taylor  contfnuea: 
''What I ~n t ry ing  to f i n d  out i~ this. Thn t e s t  p h t e  

WRS hit by a p r o j e c t i l e  certain results wore obtained. 
TVers those results more dienstroua t o  tho t o s t  plnto than when 
you s h o t  a t  the tank?" 

To which L t r  Reed replied:  
"You see, thorn is another  varinble in thnro, can nollnt 

thc p l ~ . t o  i n  a butt.  We CPA put one of thaso things nezr the 
butt, but tho conditions under whf ch the t& lrth& tested wera 
t h t  t h e  t~ulk was radio-controllsd r.nd we hnit t o  soo how well, 
you could h i t  it coming head-on and how w e l l  you could hit it 
going eidcways. Unfortunntely, wo never did. hit exactly the 
scme F,S wo had h i t  the Cnrnsgio-Illinois tank* Fortumtelg, 
hotrever, we ictroduced s a d  welding of r i v a t a  and we d i n  f i n d  
thit soel-welded rivets wouldnl t shear u n l o a ~  hit heart-nn." 

Mr. Taylor suwmrized the q+uestion P-s f o l l o w s :  
" IF  the rivatec? talk firer? at showed lass i tnmge than the 

test plate,  then it s e e m  to 30 th2L we could jwp from t h t  
over tn the co!?pletely welded tar& anr? say there is ria use shont- 
in& at a c ~ r ~ q l a t s l y  welded tmlr b-nc@.~lss firing at these p la tes  
i s  more scvero thm t h c  corrpletsd tknka." 

Mr. %ymo in j cc  t ed a connent : 
"A few ren?,xks and I w i l l  cal l  i t  quits. In tnking issue with 

Mr. Jeff  ries down herd, I t h i n k  w!: are pnst t!lo p~ i n t  nf proving 
t5e  i n t a g r i t y  of tlxe weld. I tbirk t h n t  nur q l l . ? - l i f i c~ , t i nn  pro- 
c e h r e  t o s t s  ,have alrondy dcnnnst2eted Shnt, and I tkink -7s are 
now t n  the p o i n t  of wanting t c  prove tho i n t eg r i ty  af t h e  nebicZa 
or prove the  satisfactory e L p p l i c ~ d t ~ n n  of thi? prnoor?ure f o r  r.,zLing 
sound weids as WRQ arrived at t!lrqu,?h our procedure quKlific~.l.tiox . "  

test plates, Nnw, the nb jec t inn  to firin{; n h u l l  t.ht Lleutamnt 
Reed mcflo, I reccgnize.  WB cnuld ge t  nwny frnn snnc of thnt. 
For inst~nes, tho frnnt end of the t a k  cnulrt bo weicht~r2 in a 
manner equivalent t o  that aecn.vlish~rl by a trRnsnissinn bsing 
t he ro ,  By the sage means, the gpn hnusing, f think shnuld be 
there. It can bo staye4 i n t e r n a l y  in EL manner equivalemt t n  

t h e  USE n f  n r o t a r y  then?. I t h i d c  ~ v c  caul.?. p r o b ~ b l y  l ~ n d  the 
hull i r i th sand- bags, g i v e  you the  tnte;L m o u n t  nf r c s i ~ t r z n c o  
th.t a fu l ly  equipped vahicle wnuld have, & nrirle thnw~ht  in 
rocomending tho firing r.f a hu l l  is t n  give nnro cnnfir'.onco 
t n  this r;rflup of ncn hers of whnt is ynssible. f think that 1?!% 

hnvc hen who represent crnccrns who nro 4cairous c f  ~ l ;~ t t i% into 
t h i s  thing an+. whc stand t o  c i ~ o ' u s  n l o t  of help, but in whose 
n h d s  nt t h i ~  ncment, s t i l l  s t ~ n l l a  n questirn rf whether nr llat n 
s?.tisfactory vehtclo can be bui l t .  1 think that we have roached a 
poiint where 1'1e cnc c1o:wnstrato that f , ~ c t .  I think the Orrlnwee 
Dopnrtmont c ~ u l d  give :rcra inpetus t o  this whole prn6:rnn by n ~ k -  
ing a. f u l l  s c d e  demons t r a t i n n  than by an;T nAther sincrle meane." 



The question of simflarity of performance of a riveted an8 a welded structure 
was commented an by Col. Jenks: 

"In this t e g t  here, the pla te  was supported in such a 
way that there was no t e s t  of the  rigidity of this structure, 
between this  plate and these plates. It was impractical, from 
what Lieutenant Reed b s  to ld  me, t o  gut a r ig id  structure in 
this tes t .  SO, i t  soems t o  mo, that in tho test of  this plate ,  
we have ari immediate t e s t  betwoen your qualification plate find 
a structure, I don ' t  thtnk you tested tho structure when you 
tested this plate because you didn't get the support of the 
structure. Now, the behavior of a s t P u c W e  under gun f ire  w i l l  
depend upon several factors. The fac-bor the.% you have been talk- 
ing about metly i s  tho wold i t se l f ,  the  i n t eg r i ty  o f  tho weld. 
Now, in making theaa welds, you se t  up in te rna l  s tress~s  nnd 
those in ter& stresses A r e  of the greatest  magnitude just ad- 
jaccnt t o  the w o l d ,  You got  some tes t  of those internal  etrosscs 
when you tast your H sections find you g e t  some test of thorn when 
you t e s t  sections of this  s o r t .  Naw, in these sections, that is, 
in tho H sections and in this sact fon,  you have not t e s t ed  a 
third f ~ c t o r  In tho behavior o f  8 etructurc find that's the stress 
concentration factor, Now, that stresa concentration f ~ c t o r  de- 
pends upon the shape of those j o i n t s ,  that is, the  shape of your 
st ructure ,  find it depends upon the rigidity of your structure, 
and there's nothing that has been done a9 far tWt showa hot! that 
structure is g o i n g  to behave on account of the s t r e s s  concentra- 
t i o n  set-up where you have a changa in djrection. If you t e s t  R 
completo hull, you ahould g e t  some i n f o r m t i o n  on that stress can- 
cen t r a t i on  f ac to t  and how it is influonccd by the presence o f  in- 
ternal gtresses, and I can soe no wyr in which you can t e a t  tha t  
factor unless you t a s t  the structure itself--tho whole hull, or a 
small structure in which you have the saw two of joints. 1 see 
no connection botweon the relative behavior oP riveted plate and a 
riveted structure in comparison with a welded plate and welded struc- 
ture. Your rigidf t y  factor6 are  ent i re ly  different,  and 1 can see 
no similarity because in the riveted structure, you undoubtedly have 
a much lower stress concentrat ion ir, the neighborhood of your  
jo in t s .  You have R different factor of etress-I mean--you have 
a lesser internal st ress;  you have a different stross coneantra- 
t i o n  factor on accow-t of your punched rivet holes. T b t  intro- 
duces a etresa concentration factor but ynur jo in ts  between plate6 
are not of  tho ~ u m o  rigidity as they are 'in a welded structwo, 
and I can sea no w a y  in which you c ~ s i  draw any canelusians that a 
welded structure w i l l  bohpve in a certain w a y  because a rivetod 
struature behaved in a certaic wayen 

The question of weld q u d i t y  vorsua desPgn of structure as a f f e c t i w  p e p  
formance waa discussed by Mr, Bibber, who brought out two very signif icant  
points  for consideration: 

"There lave been ~ e r t a i n  thoughte underlying this v~hnlo 
thing that I dnolt  think .kve boen brought nut, ?& have two 
things nt our command. We h a w  tho weld nnd we have t h e  design. 



Now, 1 believe that the beat welds that we aan miaks should be 
used, and then on top of that, any &va tage that we can get 
through dssign by placing plates at angles of obliquity, so that 
we may gain a l l  t h a t  we may possibly get out of  this  ta&, should 
be taken advantage of. I do no t  believe that the advantages of 
design should be used t o  sh ie ld  inferior workmenship. Mow, ff 
those jointa can be made wel l ,  as well aa they can be made poorly, 
I think there is  no excuse i n  t h i s  world for accapting poor work- 
manship. I think th?t any attempt to shoot n t  tanks t o  t ake  ad* 
vantage of design adv~ntnges t o  conceal an f n f a r i o r  weld, is 
wrong i n  prfnciple and should not be dona. We should make the best 
weld we can mako and I contend we can mnke them w e l l  ns well as we 
c ~ n  make than poorly, There is no excuao for us m a k i n g  inferior 
welds, moroly because we Rro able t o  hide bohind somo desfgn ad- 
v~ntages. Here's anothar point  vbf cb I think very portincnt. We 
arc a l l  concerned with the building of t m k s  but thors's another 
fnotor in that and thnt i s  tho  repair o f  t&s. If we build those 
t-s and they go i n t o  b ~ t t l o  they gat h i t  certa5n amount m d  
got dmaged, they hnve got to  be put back in bntt le .  T h y  h v o  
got to bo repairod in tho f i e l d .  Merely boc~use a tank hns got 
R. certain mount of damage, we can't set  it t o  one aids and lose  
tho advnntage of that tmk. frlhethar theso tanks axo s p l i t  for 
six inches or six f oct  is a very important fact as t o  how quickly 
they get back in to  servica and tho qull ty of  workamship in those 
welds is going t o  have n dofini ta  bearing on the mount o f  rophfr 
work. 1 think the two points that I have rafssd hero khve 8 

grent deal of bearing on this problem, So far as I am porsondly 
concerned, it doosnl t mke much difference t o  rnp one way or ~ n ~ t h e r  
I w o u l d  l f k ~  t o  sea e, tank shot xt  and boat i n t o  the ground, as 
Mr, Rayma ~ n y s ,  but I don ' t  thirilc that bas a bunring on this fun- 
&mental  problem of W i n g  good tanks.'' 

After lunchsos tho motion was agnin brought before tho meeting by k j o r  
Cox who was reminded by Mr. Jeffrios of t h o  proposed wandmont t o  the 
motion that aa assembly instead of R complete hull be usod. men quas- 
tioned by Major h, Mr, RnJtmu refused tbo mendncnt  nsd remarkad; 

"No, sirl i t  doesnl t,  I think t-hat i n  the  l i g h t  of our 
specifications as wri t t an ,  it is gesnisaible t o  subs t i tu t e  
theso hull assonbliss as was dono. I still foe1 t ha t  w e  should 
examine the structure n s  a whole. I w a n t  t o  add one o thz r  point, 
i f  in rq comonts, th is  rriorning, I gave the  impression thn* I 
was arguing f o r  t h o  accoptanao of an feorier grade o f  work-- 
ship, f would l l k o  t o  olear that up. Such a thought did n o t  en- 
ter  my mind." 

This refusal t o  accept tho rtmendrnent proposed by W, Jeffrics in viaw of 
tho argument prosunted by Lt. Rood and Col, Jonks Icf t thc question lllors 
or l e s s  uncertain as t o  i n t e n t  in spite o f  Mr. Raymat s l n e t  stetament. 
Major Frye added a comment: 

"I wne confused about whothor it a question of woldiw 
o r  dssign. I think Mr. Bibb~r's quostion clarif iod thnt point. 
If it is a quostion of design, thon I bolkeve that the reasnrch 



and engineering committee on tank8 have considered that and 
quite poesibly have had some teata made, I don't know but i t  
would seem that that committee would mre appfopriately con- 
duct such research wotk. Howevero if it can be used t o  deter- 
mine sutfsfsctory welaing, then i t  would laak l i k e  eome experi- 
ment might be conducted. However, 1 don't believe that a c o q l e t e  
hull would be considered AS a welding propositton. f t would seem 
to me t h ~ t  thRt would be gett ing baCk into research design work." 

Mra %ymo further elaborated on the intant behind his rotion3 
"I a l s o  think that i n  keeping with the Major's remarks 

here that we stand to  learn somathing from thfs sssree t e e t  on de- 
sign, the effsctlveneas o f  t h i s  particular structure. 1% must 
not looo  sight of  the fact that we are arbitrarily changing from 
one method of fastening t o  another, and we must n l a o  recognize the 
faat that we are uompellea t o  build into t h i s  structure Jo ints  of 
a type and at certain locatioss t k t  w e  not ordinarily associated 
with good w e l d i g  deeign. I think it fa entirely concoivabla that 
sa a result of this test, we may f ind that conditione will point 
to &n immediate dosign change* I wondor, as we fire at the side 
of this hull, w b t  is going to  happen t o  the cover on the engine 
compwtment? f am rather under the impression that the thing is 
going to pop right straight ug i n  the pip, and you may look for 
some botter means of fastening than what is there now. 1 think 
that it  h a  two possibilities of  giving us desired informtion--  
one as rogatds the abi l i ty  t o  apply a relatively new process t o  
a structure as wo have demonstrated we can do with a tee t  plate, 
and the socond i s  to f ind  out juat w h a t  the shape f a c t o r  of this 
structure i s  i n  relation t o  such method of faetepiqg," 

Major Fryo indicated the thought that: 
"Mr. Chairmnn, f boliove tho fact hae been established by 

the Ordnance Department that they do want a welded structure, and 
f rather b ~ l i e v o  that i t  is beyond the $cops of the committee to 
recommend thnt a change in tbt typo of structure be made. Rather, 
I think i t  i e  the function of tho committee to ueld and weld as 
fnst and a@ good ae nps=i'Le. ? believe the welded structure has 
besn adopted and certainly h ~ s  been given some thought before adop- 
tion, so f bolieve thnC's beyond the scope of the cornhittee.' 

Nhen MASOF COX then suggested that 14~. *no withdraw hi s  motf on and sub- 
stitute it as n suggestion, Mr. bym replied: 

"Major, I think we will get tbo same antiwer we already have, 
and 1 think t h i s  committee has a poss ib i l i t y  o f  sbinging a l o t  of  
weight into t h i s  thing ~ n d  getting more out of it, I think it is 
quite in order  t o  vote on the motion that I made m d  also t h  amend- 
ment that Mr. Joffries mado. Then, if you want t o  submit this 
recommendation ne a euggestinn to tho Ordnance Department, I would 
say it i s  quite i n  order, but I think that you w i l l  fend a clear- 
cut isaue on thfs mattor in this grow right now. I would l i k e  to  
eee what i t  is." 



; '  

Mr. Bibber also van no t  willing t o  ohadon the idea entirely and suggested: 
 hare's another that enters i n t o  this th ing which 

I t h i n k  should be considered. The M-4 design is the design 
which is going t o  go i n  big product~on.  That 's  the one we are 
all getting ready t o  set  up big prociuction on, and M-4 tanks 
have not yet been built. This new design, however, is going t o  
be b u i l t  shortly. Thefa a r  probably a nnmber of builders in 
t h i s  countrgr who m a y  build these tanks by hand very shortly, and 
if it is a question of testing designs, 1 wonder if it would not 
be a good idea t o  t,&o one of these M-4 doeigne on which we arc 
&bout CO embark on a big program, shoot at it, beat it in to  tha 
ground, before we embark on t h i s  b i g  progrm.'' 

This  thought, suggested by Mr. Biaber, wes onthusi~stically  upp ported 
by several of  the f a b r l c s t o r s ,  and i t  was suggested by several that a hull 
f rom the first two or throe b u l l t  should be proof tested. 

An additional thought was suggested by Mr, Bibber: 
"There is still something further which remains t o  be said. 

1 th ink a numbor of people in t h i s  room know the situation with 
regnrd t o  the  production of armor. We have completed our armor 
schedule and production for the C.hrysler T a n k  Arsenal of r ivctsd  
tanks. Ife would l i k e  to roll and stack those plates up by the 
thousands, so that when the time came f a r  YOU to g e t  these arnol- 
p l ~ t e s  that wa could flood you with t!lom, It would servo no 
purpose for us t o  clit up l o t s  o f  p l a t o s  and stack them up and 
have t hem wrong and have them be clmnged. Now, soma of pou may 
be swing t o  yoursal f ,  don't you ship u s  rectnngular ro l led  
plates and we w i l l  dut them?' We would like to do thnt, but 7o.U 
can' t do that. One of the greatest things in the prbdut ioa  o f  
armor plato is the flattening, and if YOU do nnt have the facil- 
ities, or you do not  b v e  the s k i l l ,  you cannot produce. It takes 
sk i l l ed  men t o  do this. The thing t n  do i~ t n  furnish you with 
plates which are d l  flme cut, flame softened, ready t o  be put 
i n t o  the  t ~ n k s .  It is essential t hn t  these deeign points  be ccn- 
sidered so we car? g e t  going producing a r m o r . "  

Mr. Biedermn i n s i ~ t e d  on the e-le bull being the 30th or 40th oae 
t o  be representative of production, wheraas M r o  w m o  ~ n d  several othel4s 
Rduncated the  use of the  f irs t  one or the second or third one f ~ o m  the 
production line. 

Mr. Rayrno commented: 
"Major Cox, I ' d  19ko t o  suggest that tank number one is 

going t o  t e l l  you mare than mythi* else what t o  do cn numbers 
two, three, four and ffvo,  I say thnt  in the l igh t  of what wo 
a r e  doing, As nf t h i s  week, we w i l l  have complotod ten units of 
the M-3 welded hull. Thus far, we c o n s i d ~ r  it one hundred per cent 
a developmental program, and I would k m w  a whale lot more about 



what we can do on number ten unit if nznnber one had been ffred 
at the way I probose." 

Mr. Trautman made a suggestion: 
"I may not see this picture clearly, but we 6re after armor 

plats, as Mr. Bibber was saftfng, a d  we are gatng to roll armor 
plate and we shoot at thia tank rmmber one and we find that a 
point i s n t  t just right and we want t o  change it, The plate is 
rolled t o  aize. It seems that it all comes down t o  the question 
of picking out sore particular Soint f o r  specimens, ample s e ~  
t ions, and rigging up a f Sxture or 39g or  w h a t  ever you need to  
support them and test those specimens with the exqrct type of 
welding procedufe tbht  you are going to  eventually use t o  weld 
Lhe tanks, and f thidc that wblzld pmve more t h n  shooting at 
EI tank." 

k J o r  Frye agreed with this and added anather thought: 
"I quite wree with the reearnmendation. There i s  no queetion 

but w h a t  .theso If-4' a R r e  going to be put through the paces when 
they first come out, Tho Ohlef of Ordnaaco w i l l  wemt  t o  know w h a t  
they a r e  good for, &It I believe t ha t  it might prove embarrassing 
t a  the Chief of Ordrraace if the certain tank wag recommended t o  
be taken out and fired. They might have other plans for that tank 
or thero @igM be informtion clovdloped which isn't gegnrally 
qubCeB. wadid l i k e  t o  suggest that tho reoomerndation jvat 
made, that of maktng up typical joints and if necessary, W e  
g j i g  or fixture t o  hold it, and firing t h ~ s e  be adopted. 1 think 
that h i l l  givo ybu dl tha data relative to woldiw that' you can get 
ax CM be gotten by firing at EL tank. If tho committee does de- 
c5de that they want s t& fired, 1 would recommend It  const$tute 
that a$ a recomqxldation rather than as a motion. Othensise, it 
mey be ern'barrehlaing t o  the ChW of Ordnanco or t o  the cornittee." 

&Jar Cox further e u p b i z e d  the scope of kbcammitteo activities: 
"Whsn we talk about eompleto tanka, we are getting out of 

our f i e l d .  We have no right t o  say complete tank, 'Phis S u b  
committee functions f rom a technical viewpoint. Wo cam make any 
Qmberr of different parts of a t& and shoot  them a11 ws w a n t  
to,  Therefore, f think we shoald withdraw this as a motion and 
meraly iwko a suggestion thaf it ie the majority opinion o f  this 
gubcommit%ee that et sectton of n given model be hilt and be sub- 
jected t o  ballistic tosttng to determine ~ h ~ r n o t e ~ i s t i c ~  of the 
weld j o i n t .  ThatA s the w a y  I ' d  l i k e  t o  see it handled. 

On the above basis Mr. Raymo agreed to restate  hie motion: 
"t is tb t  thf a committee recoma8 t o  the Ordnance bpartnent 

that consideration be givon to including into the research pro- 
gram the testing of a type of tank, the M-3 o r  the M-4, far tho 
purpose of deterrrrining the integrity of suuh atrwture as de- 
veloped by the procedure with which we prophse t o  build f t ,  and 
as a neaqro of our success in amlying pracedures that have 



apparently been developed to n point of production applicztion 
through o u r  t e s t  platse t o  date." 

It was ernphei~od that this proposed test is a gnrt of thc resenrch 
program on welding of arnor and not  an aocoptancc t o s t  by Ordranco of any 
particular f ~ b x i c n t o r ' s  work. 

k j o r  Cox closed the discussion on th i s  question ne f o l l o w s :  
"This committee was farnod a d  mot today to discuss largo- 

ly tho technf cal aspects of welding as an art, ,and &n.t ~ ~ r t  RS 

applied t o  armor. I think wo can cloao thc  lotion now without 
going t o  s vote ttnd let the minutes show thnt thcro h s  bosn R 
discussion of this ,  that it seams desirable t o  give it considera- 
tion, and that the proper pooplo t o  consider it nre in the Bn- 
gineering Acivisory Committee in the Office nf the Chief nf OrdnLatce. 
I don1 t think f t  nooda a vote, b o s  anyone disngreo? Let's con- 
sider the mntter closod, and &. %PO, it is not that we refuse 
t o  vate  on your no t ion ,  it j u s t  seem as if it is out of OUT 

jurisdiction t o  takb action an t-kt +pErticulnr phnseefl 

A discussion o f  AxSL497 follnwed. Mr. Brankor p o i n t e d  out the trod 
of current thought at t h i s  time with respect tn ballistic t o s t i n g  ma 
defects in welds: 

"A few of you hmo eoen tho tantative rav is inn  of 497 which 
m s  a.n attgmpt at s f q l i f y i n g  the  ctrnft r3f 19 mrch 1941, and 
immedfatoly after it Was cut, wa rsalizsa thoro worn nther things 
t o  bc? improved in it, one nf which is the Y p1e . t~  in tho baclcc 
T h R t  plate is out at tho p r e e a ~ ~ t  timo. Thcro wne eonsidernblo 
argument as to whothor it shnuld be out, but tho  majority soomed 
t c  foe1 the b d l i s t i c  t es ts  of thrlt plnto will no t  give cons i s ten t  
resvlts: hanao, the Y is out. You w i l l  also notice that the plane 
butt nr I p la t e  is out, the ponut ra t i an  t o s t  plate,  The chief 
refison f o r  taking it out was t b t  t h o r e  soemed t o  be no d i f f  icuZ t y  
in meeting it in hoaogenenus armor. Now, since wo w i l l  h v e  t o  
have i t  for welding Pncs-imrdoned armor, wo mny f inn i t  dasirrtblo 
to put an I plate  back in there. Other panplo hnvc prop~eod tb.t 
we n w h t  to h v o  an I p l ~ t e  thoro f o r  hnmogsnenus nrmr to nvoid 
gotting welds which hnve a shock but no resistance panetration, 
but we havent t y e t  fnund thnt snrt of thing, The nr$giml  apeci- 
f i c a t i n n  said that thcso weld dafocts  such as cracks, undercuts, 
i n c n q l e t e  penstration, and sn forth, may occur in the vehicle 
to an extent  nht gmriter thnn the qup.1ificnticrn of prnce&ure 
plates.  T h a t  p n r t i c ~ l ~ r  c1p.ur.e ie n o t  in this drnft ma I w u l d  
l=e t n  hear from you sorro diecussion, b. ChRirmnn, lrts t n  w h t  
t h i s  group thinks nf clnssificntinn in the weld nctnl of under- 
cut ~ n d  incomplete ponetratinn. We understand f r n m  wo$ding Navy 
arnnr tb.t no welds are nada up w i t h o u t  snno cracks in them. 
Now, what sort of R 8tmC3RrFL are wo eoing tn b v e  f ~ r  tanks?" 

Mr. Bibber expressed the thought tlmt tharo was no data available 
as to soundness of production welr?s Pn -nor because X-wing of production 



welds had not been dope. However, t e a t  platee free frdm Cracks could be 
produced. 

Mr. Brooker continued: 
"An 1 to understand that a11 cracks show up in al l  X-rqys? 

I think cracks must be thoae cracka we can aee during inspection, 
as we know that we can' t  X-ray every pfecs. tell1 do well if we 
even make 3 spot check. So, assuming then that the cracks we 
f ind  w i l l  be v i s i b l a  t o  the  inspector between beads o r  upon com- 
pletion of the weld, w h a t  sort sf standards w i l l  tho inspector 
have as regards to cracks, visible cracks?" 

The viewpoint at  Aberdeen Proving Ground was expressad by ht. Zwoig: 
"So far, in testing welded platoa at Aberdsen, we found 

that all c r ~ c k s  are detrimental, and we have concluded that 
we would l i k e  t o  sea all crabks eliminated, If we f i n d  th.em, 
repair the weld because cracks aro placed where great stress 
concentration exf sts, and you can got fatlures very easily and 
fatigue failures ,occur there, too." 

In the ensuing discussfon of crack f o m t i a n  a d  looatioq, Mr. %ymo explained 
t h ~ t  two types of cracks are encountered, one at the  bond and the  other 
through t h e  weld metd associated with cfaters, ~ n d  he observed: 

"1 think that a11 cracks th~t you w i l l  k v e  t o  be concerned 
about will show on pour % m a y  and the minute and micrbscopic in- 
tergranular cracking thr.t m a ~ r  occur on low of these armor plates ,  
how much of t b t  w i l l  g e t  by us, I don8.t think anyone knows at t he  
aresent time, and X 4on't know what measure thore would be of at- 
t e q t i n g  to find that kit@ of cracking." 

Mr. Bibber suggested that: 
'1 believe that the proper time to take care of cracks is 

when YOU aze making the weld. I bel iwe  that  t h a t  i s  part of  
the welder's job, to b& watchirg for cracks, and 1 bel iovo that 
every welder ehould have alongside of him a chipping hammer ahd, 
as t h e  cracks open, they are cut out and corrected then and there, 
which f s relatively sfmple and a part of his job. " 

The thought that soundness ~f the welded tost plates would be representative 
of productton welds was critf cieed by Mr. Rsyrno: 

"YOU can &.ske up welded t e s t  plates by the hundreds and, 
as Mr. Bibbor said,  get  them X-ray perfect; but that  avorage 
condition will not obtain on your structure, a d  I dont t think 
there is any connection between associnting S O W ~ ~ Q $ S  of test 
plates with acceptability of cracklqg in a structure because 
there is no w a ~  f o r  the mnufacturar t o  comply with that clause 
in 497 which says the mgnufacturer shall guarantee there will be 
no crackfng or l i k e l y  cracking to take plfice in that vehicle. 
I think we are going t o  have t o  look f o r  some nther measure of 
acceptability of def ecte  i n  the structure ~ t h e r  than what is in 



evidence on our  test plntes. Getting bauk t o  t h s  whole p o i n t  
of  my Rrgment th i s  morning, F, t e s t  p l ~ t e  i a  an ideal  structure. 
I t  represent8 nothing. You h ~ r c  asaac inted  td th  it 100% dc- 
cess ib i l i t y ;  completa c o n t r o l  of s e l a c t i o n  of  the s i z e  of dm- 
trodee; nice spacing o f  the jo in t s .  You can taka evory rneRns 
o f  keeping the p l z t e  s t r ~ i g h t  but those conditions are mt true 
on your e t r u c t u r e .  On the front ~,r.rt of t h e  hull of tha M-3, 
the cross-member, as shown there with tho joint t h ~ t  is in t h e m  
now, in ordcr t o  g e t  nt th-.t, tho operr,tor h s  t o  pr%cticf~l ly  
get i n t o  quarters that would 'be equivnloizt to being under the 
tablo and only  being  p a r t i a l l y  able t o  soo  whrtt ho is  doing; 
and the average integrity of joint mde under each condi t ions  
w i l l  n o t  compnro favorably with  which you g o t  on test plates 
that are made up hers right in the opon." 

There was object ion from s w o r n 1  af tho  cloctrnde manufncturers t o  
requiring the chipping of craters a a  ndvocntod by Mr. Bibber. Mr, Bra* 
claimed it was unnecessary and cited cortafn t e s t s  RR proof while Fir, 
Brugga advocated badc-stepping an first pnssus. 

Major Cox interrupted with a p l ~ a  for s~ggasticrnrs ar t o  w - k t  should be 
put into the spocificnt ion; 

"Gontlomon, i t  i s  a tromendnus job t v  write F, spccfficationr 
Wo try t o  wxito spccificntinns t o  insure getting n sntisfhcto~y 
product with the lmst possibla p i n ,  both from tho worts  ~ n d  
the builder 's viewpoint. Ire h ~ v o  t o  l i s t  c s r t ~ i n  rlofects. 'Jle 
call you people together because we know you hr.ve had yonrs of 
eqerience in welding. phis is a question cf zl.rlfmr, but it s t i l l  
is welding, n,nd wo must l i a t  ccrtain of the clefocts tn look forb 
What are we going t o  do? Are the aims wa ! w e  l f s t od  s o  fnr (a), 
(b), (c), (d) and ( e )  adoqut~te? h thoy cover i t  all n r  dn they 
cover t o o  many? It saomB thnt a11 we can pnsefbly hope t o  to this 
afternnon on t h i s  a p e c i f i o a t i n n  is t o  get the thnughts of you 
peoplo as t c  thc things we are t o  l i s t  that wo must bc on the  In&- 
a u t  for. I don1 t think we cnn hope t o  ccvor 811 the aspects of  
each one of thosa dofecte. 1% have t o  forget so~nc of the fietails 
f o r  this meeting ~ n d  uso t h e  background r f >-our may p u ~ x s  of ox- 
pe r ionce  i n  welding to try to m r i v o  at snmothing which w i l l  be 
satisfactnq t o  porni t  this procluction of tias tn  go ahead. I 
w o u l d  l i k e  snae thought f rom the nost  oxporioncaJ+ n f  you as t o  
w k t  wa should put i n  this spucificntion n e i d o  of getting 
reasonably good 1teld.s. 'I 

After a sur~eat ion  regfirding weldiq; technique andu by Mr. %wry, Major 
Cox retor ted:  

"Mr. Emery, wa d n n l  t int~nd t o  includu i n  a a p u c i f i c n t f o n  
or" this s o r t  tho w ~ l c l e r ~  A tecL'Ulfque. In view n f  thnt, how m c  
we, as the oonsumcr, t c  aEtsuro oursclvos t!mt we ere gatting 
crack-froo welds* You s a y  by R. t h in  butterin+: operation you 
won't get any cracks, a r  at least, you w i l l  heal them nn tho  next 
pass, but how is t ! ~ c  Arny t c  assure i t eo l f  i n  a specif icat ion - 



i t s  only means of aseurance - aga ins t  nefscts in materials?" 

Mr. Emery suggested inspection of the underside of the first pass after 
the second bas been applied* Mr. Thomas offered a suggestion: 

"Mr, Chairman, may I suggest another method? Go back t o  
the w a y  the specification was worded prior t o  t h i s  revision, 
When the qualification plate was made vq and the re  were some 
cracks in the first bead and yet on X-ray it was sa t i s f ac to ry  
and on ballistics i t  was satiefactory, then you can accept the 
same sort of thiw when you make your joints in your tanka,  
I think you have all the protection that you need by the w8y 
the specif i c ~ t i o n  was worded i n  the f omer issue, 

With reference t o  undercutting and its control, Mr. %ymo elaborc,ted: 
'Thera is no point  in h ~ v f n g  any concern about undercuts. 

In the f i rs t  placa, it stande t o  be remodiod as additioneS paarea 
are appliod and if you kezve got It, what  axe you going t o  do 
about it? You are not  going t o  ohip it b u t  very fast bacawe 
the undercutting is in the armor plate and not in t h s  wold metal 
and i t  is really not a matter that you have t o  be concerned with 
on the nustenitic type of eloctrodo, There is no t  the tondonq 
to underout to tho degree t ha t  there is w i t h  a medium s t e e l  
electrode when welding an ordinary plntoa* 

#I think that the best we caa do is t o  put in there t b t  
f t f s not & condition that is to 'be l e f t  unrecognPzed but, as 
you Rro prugressivaly building up EL butt wead, that undercutting 
can be f a o n  capo of on succeeding layers, and, if we are talk- 
ing about undercutting of the suxfaca of t he  plates ruaultfng 
from a deposition of the f i n a l  pass, that's mother  mtter 
I think the w a ~ ,  out of that is correcting it tho sane w we do 
oa welding s medium s too l  - simply chasing s smll bead i n  slow 
st the t o e  of the reinforcement t o  f i l l  up that undorcut section, 
But we are attempting t o  set  into our spoeMications aomething 
that var$es 100% upon intarpretntion, dopodng upon who is look- 
ing  at it. Tho Ordnance Department is coaaldonrtion t o  
t raining inspectors for the purpoae of inspecting tank weld- 
ments, and they propose t o  put theso prospective welders through 
a C O W 8 e  in two weeks a d  turn out gn inspector, Their source 
of man power is just as limitod as Bw of the other  trades that 
we are 809king help on these W s .  Tho chanaos are thrrt wo plro 

going t o  have men who have never in their live8 been aseooi~ted 
With fabrf cating activity, aqd for them to begin t o  pass upaa'. 
degrees of undercut and euch aa t h t  after two weaks, or even 
recognizing it beyond the point that it is fin masairable eon- 
ditfon and that the fabricator is responsible for minimizing it, 
which should be a part of his procedure 

Mr. Swan ewges ted an i n t e rp re t a t ion  of the spacif icatioh regarding u n d e ~  
cuts: 

'The spacif icnt ion definitely states tho  undercut dongside 
the weld reinforcement, which must be the last pass, and it strikos me 



that we w i l l  be en t i r e ly  suited and so w i l l  the Ordnance De- 
partment i f  the  undercut i s  no t  worse than the qualifying plate,  
which gives us some degree of undercutt ing,  some amount which 
i s  acceptable. " 

With reference t o  weld inspection, Mr.  Bibber emphasized a point: 
"I think there is  one pr inc ip l e  about aqv iinspectfon that 

should be taken Cognizance of  here and that is, that If you are 
going to inspect sohething, it bas t o  be inspectable. For in- 
stance,  we say here, incomplete fusion of the  j o in t ,  You s ~ ,  
gas cavities and slag and those things ara not inspectable as 
suoh, You have g o t  t o  have inspection means, If cracks are in 
those metals, you h%ve t o  have maw of inspecting them. About 
the only one is  Item Number (b) ~vhich is v i s i b l o  and can be 
f nspected. Now, I am not advocating thb X-rar Snspoction. I 
think f t i s  going  to bo an awful job, but if thcea other things 
that you seo horo can only bo toatod by tho X-rcy, then you got 
into R discusuion of X - m y .  II 

To which Mr. Jeffries addod R comment about the method of fnspoction: 
"There Ps absonco of R def in i te  progrrm as to how wa w e  

going t o  inspect the welds. In the Phil~~dblphin District ,  we 
propose, RS far  as prac t i c f ib l~ ,  t o  axercis~ tho utmost supor- 
vision over the  a c t u l  laying of the wold. Our inspectors, as 
many RS we cin got,  will mtw11y watch the wolding through a 
shield. Thay are going t o  have t o  ba t r a ined  t o  pass o r  dig- 
approve of welds depending on Just exactly w h t  thosa volde are. 
Now I think t h t  men c m  be trnined for thltt purpose without 
the necess i ty  o f  schooling them tri the fundmantnls of weldiw 
j u s t  as we t r a i n  a machino operator t o w  t o  do R ccrtqin job 
in a c e r t a i n  way. Thoro aro comparatively fw spcci f ic  things 
that t h i s  wolding inswcctor should ace o r  rather di~approve o f ,  
and I dont t doubt but w - k t  wa can hiavo an  efficfiqnt  corps of 
inspectors who will bc on the job and inspect ovor tho shouldor 
of tho weldor* It is the only  my u n l e s s  some other  means is 
brought out  by this discussion. Pending some bettor wqy  o f  doing 
it, thct' s the way wo propose to do. thought isn' t that uc 
should go into such great detai l  ae t o  have nn inapcctor wntchfsng 
each individual wolder. That would be ocoxlomically irupas s iblee  
In the first plnco, we do not have tho men and it1 a doubtful that 
we could g e t  qualified weldiag inspectors,  Tho welding inspect- 
o r  should have soma idea of t he  fmdmontals o f  wolding, but I 
think wo can toac-h those w e l d i r ~  inspectors in cdqarativeXy 
short time that they can i n t e l l i g ~ n t l y  look  at tho weldor laying 
a bead and have some ides at l e a e t  as to whether t h i s  welder is 
putting tha t  bead down right, Now then, if tho welding inspect- 
or feels t h a t  tho woldor is not  doing his job right, ho still 
has recourse t o  a suporvising inspector who cP.n be brought into 

9 
the picture and tho condition corrected. fro haven't time t o  
train inspectors. Wo -bvontt time t o  t r a i n  men i n  the fundamontala 



of welding, fhattts the fabricator's job - t o  train weldors. 
We muet train men ko look at R weld and t o  form some idea, 
without embarrassing the progrnm in the least, as to whether 
that weld is o r  is not  n. good weldment. In addition t o  the 
supervising inspectors then, he hns tho chief welding inspect- 
o r  on the Job, 1 think t h t  the inspection service w i l l  fur-. 
nish ample con t ro l  without jeaprtrdf z i n g  production, to visual- 
ly % m i n e  these welds as they m e  made and, ~ f t e r  all ,  gentle- 
men, I think that's the only way t o  inauro adequate welding," 

Other points were mgnf ioncd such as inspact,ion of first pbeeee m d  i n t o p  
mediate passos for contour, crack8 and undercut nnd Mr. Brooker f i n a l l y  
ramtwked: 

'It looks l i k e  we could go on endlessly determining w h a t  
the inspector s b u l d  have as a guide. I run sure thora a r e  
enough experte present who, in n solatively small group, c m  
revamp th is  spebification.  So let us r o v q  part of the speci- 
f i c a t i o n  for the time being, v d  put i t  this w a ~ r  - th~t the 
specif Scation will be revamped 'md w i l l  be subaittod to tho con- 
mittee for comment, Those comments w i l l  be received nntL boiled 
down, and another revie ion o f  the apecif icatione put out, I 
think t h t  goes far a l l  the rost of the discussion of 497,' 

Mr. Rayno mnda a auggastian about qualificntian of welding operators: 
"Mrc Brooker, I would l i k o  to propose one mendnont to 

497 that has to do with the  operator's gurrlificstions. h d o r  the  
praseat setup, you w i l l  qua3.ify the operator by having hin nnka 
up a butt weld in a given thickness of plate - twelve inches l o n g  - and that butt j o i n t  shall be ekaninod and passed upon by means 
of the X-pay, %'ha t e s t  is t oo  easym I t  is no real noasure of 
operator qualif icrttions. That '  B one point .  The esaond is that 
there is too n ~ c h  armr plate involvad in It, I w ~ ~ t  t o  qunlify 
300 welders. That is 18,000 pounds of armor J u s t  fnr the purpaso 
of qualifying welders. T h a t  w i l l  bui ld ana tank, W ~ t v i r g  arrived 
at  o u r  qualification procenure, we are  next concarnerl with the 
operator's abi l i ty  t o  produce as snunrl a joint as pogsiblc and 
that hinges nl~out ht8 knnvlodge and practice and in the use of 
the electrode that w i l l  b e  usod, Such cmckiag as w i l l  occur in 
the fusion zone f a  ia mntter that is bayand hfs cantrnl snd, 
theoretically+ should be solved in our prncciture qm.lifications, 
I, therefnro, f e e l  tGt we can satisfactorily q N i f y  welders on 
tho welding af armor p l ~ t e  by having them prepare tes t  abecimens 
on medium s t ee l  wi th  a given type of joint and wPth the electrode 
propwed f o r  use o n  the structure. I dont t think that the weld- 
ing of armor  plate is c r i t i e d  emwh to make I t  necessary fnr 
the ape~ator t o  use armor plate for his teat plate," 

%,jar Knnds raised a pertinent questio9; 
we axe going t o  have spot checks a c l  have nen fnllnw 

o u r  welders up in their welding operations, is it necessary, 
therefore, to have these weldere qualisy at  all?" 



To which Mr. h y m o  replied: 
"I feel that it is, Major. We axe q a i u  t o  have to be 

dependent upon the men who are trained Prom scratch f o r  doing 
t h i s  job and for our awn satisfaction, we should have some 
knowledge of their ability t o  produce an acceptable joint. 
That fact lws been recognized for al l  of these yeare in con- 
nection with all of our other existing codes, and it has rapid- 
ly boiled down t o  X-ray examination being an acceptable mas- 
ure of performance and T thought i t  was a tremendous e t r ide  
forward when the Ordnance Department recognized the effectivo- 
ness of such examination and said, 'We'll accept a welder's 
ability on tho basis of X-rqy soundness.' I s~ay  again, I 
think thatJs a tremendous step forwnrd i n  the wolding industry, 
There are a lot of people who Rro not w i l l i n g  t o  go that far 
as yet,  but I think that such an exmination of woldors can 
bc accomp2ishzd equallg eff zctivoly on medium etocl  plates,  
but 1 would rocommend having tho weldor mttke i t  with the 
electrode which is tho medium through which he is applying hie 
s k i l l  and which he should be familiar with In al l  respects." 

In a discuesion of consowntion of 0 praject i los  which appears necessary 
due t o  war demands Lt. 'Rood explained thnt tho usc of proof slugs not 
only helped in that connection but also  gave a batter shock t o s t  b e c ~ u s o  
dof ormnt ion vi thout excessive cracking could b o produced and this  off ac t 
is more to be desired than punching through. Lt, Read e lso  auggostud 
that the WAS1 dat~. f o r m  should be revised t o  pormit more welding data 
t o  be fncludod. A desire was oxpresrrcd that each t e s t  piate ba providod 
with a lifting hole nt top centar t o  f~cilitatr! handling in and out of 
the  bufts. As t o  s ize  of tho hole Lt, Roed suggested: 

"I wouldnt t taka lass t&m 2" on 3/4" pl8tc. On 1/4" plate, 
the men usually handlo it with their  knds ,  so that trouble wouldn' t 
bo thore ,  but we have run i n t o  a l o t  o f  trouble on this  1-1/2" and 
2" plate but the 1-1/211 and 3/4" should hhvo a 2" hole i n  the toy." 

There were no comments from the casting people or the Unionmelt rep- 
resent~tfves as to ntrW datteloprnents find Major Cox rembrkod: 

"One function of R Subcommittae is t o  ess~mblc information 
t o  oxhibft t o  you. I want t o  point out again t h ~ t  OUT t rans-  
a c t i o n s  aro of R highly restricted m t u r e .  Any i n f o r k t i o n  you 
glva us, you oan fa01 sure thzt it i s  going  to  bo ha la  in con- 
fidsnca, and I would like an oxgrossion from tha  group whether 
they axa g e t t i n g  nny good out  of t h i s  distribution of inform- 
t i o n  that's been coming in the form 02 thase Subcomittao reports." 

There wero fi  few exproasions of p.pprova1 ~ n d  then Mr. Abbott brought 
up tho question of a mmul for welding facs-hardened armor whf ch is t o  
be preparod by the Tloctrode Group* Mr. Vnn Dreser stated that hc w o u l d  
g e t  in touch with tho faco-hardened 8rmr fabricators f o r  the necess-y 
information. 



k j o r  COX announced nr~nngem'ents far v i s i t i n g  tho Detrott Tank 
~raenal-on Thursby,.g ~anwry-lg42. About 47 peopJe have ihdictlted 
a desim to  make tho visitntfod. 

Following th i s  announcement Mr. Tqylcr of Lincoln ]bloctr io Cowmy 
made Rn extended speech of savere critiaism of  tho Sl~bcommittaor 

"Probably what I hm going to w,y i s  out of order i n  t h t  
I am a , p e a t  of the Ornhance Department. 1 b v a  atbnded quite 
a few of these meetings, hoping t o  find out something of the, 
probloqs in connection with wol f i ing  and find out j u s t  where wo 
could be of more uao t o  thie tank building program, "md I w i l l  
confoes that  h v e n l t  learn04 anything from any o f  thess meet- 
ings that muld help us to &e n bettor electkode or better 
wolding muhins to b a t t e r  do this job, I don't know whethw 
the faWieaIiors feel  that way -r wh~thnr. they foe1 *that they 
have gotten aw information f rom these maotings tha$ helped 
them t o  do a b e t t e  job o f  building t e e ,  and part5cu1nrlyr 
the weliling of mmor pkato. Possibly, that isn't the purpose 
of the rneetfngs. If t h t  is h e ,  I am ontjrely out of order, 

"Thie morning,. I*. Smith, of Mmos-Rerr ington, asked about 
woldisg f ace-hrdenea plats, I felt we throw him a bane f astoad 
of some real nent in t h ~  answers that we gave him, Now, I t  would 
seem t o  me if  we are goiw t o  got anything out o f  this,  that w i l l  
be o f  pract ica  benof it, t h t  uo ought to t&e ou r  hair dowq 
and toll w h ~ t  IQB know4 I think the Ordaanco. Department ought to 
give up tho ro~ul te*  nbout those t e s t 6  made on' homogonoous 1-1/2" 
plates,. Carnagie-Illiaoie, Disston plates, d r  Tnrd, if FnFd is 
on the genepal market--give us the results of  welded platos, 
welded with vmious 18/8 or 25/20. aild t o l l  us if tho mteriP3 
w i l l  be avnilable and if that is s t i l l  in the runniwp 

nWe ou&t t o  knotf wmgthing fibnut the  grip, the fitup, 
the problem of muftwture ,  tha limits to the jo int  fitup, 
wh&t the results a r e  with welding against cnppor c n r ~ p ~ x e 4  with 
the strip that Bibbor has boon talking abnut, and whether or  
not that is practical i n  prniiuction t o  usa, We aught to khow 
the vnrious cornpn~ntive epeeds of we14ing against s s t r i p .  
we ought t o  know about welding without m y  strip, IVo aught 
t o  knnw about butter* the o.L;.oe. We hc,veni t hoard anything 
&bout that. %be we will sll be back t o  buttering edges be- 
fnre we get throy,h. 7 woulrtnl t be surprised if wa did* 

we tall< abut ahnotfng, firing - talk e;bout f i r ing  nt 
tnslks - which is very interesting but it seeme ta me it 4oesn1 t 
have any direct bearing on, the jobs that WQ have hero. That'e 
up t o  ~rdnmce. If they vant t o  drop them out a lbOOO-font 
c l i f f  or s h n t  fit them nr w-hatant, I 4nnf t soe that i t  concerns 
us any. I t  doeanlt help me t o  maka a bettor electrnde t o  know 
that they ,we going t o  ehont at tha j o i n t  with n 75, nr 37, or 
a elug, o r  an mmr-piercirg bullat, It do9envt give us any 
daf inite thin& tkat we can grab hold of and tlkka back to gn In 
work fin, T h a t  is my frank opinion. It seams t n  me that we nught 
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t o  cover thf rigs. for aach one sf u a  to taks back.and go t o  work 
on, I havd beqn frank t o  canfesm t b t  as fm as f am cartcerned, 
f j u s t  haven't got a. thfng out of the meeting to-, or the last 
several, that I cap take back that w i l l  do me any good. don't 
think we are t d k f n g  about the right things f o r  thi6 arganfsa- 
t ion.  We have gat a group of buay me- as Mr. Biedsrman ~ q s ;  
wp are all working 7 days a week. Wben we .come hePe and spend 
R whole w, we wknt t o  take something back that WB can use. 
This is not  criticism of the Chairman, o r  Ordnatoce, or the rest 
of the personnel. But I am trying t a  cr5ticiee the rubject mst- 
ter that we disauos and point out a d  make sorne of you agree with 
me that the subject matter hasn't anything t o  do with the prob- 
lem of' the members of thin group. 

This spesch of Mr. Tqylorts  stirred the meeting because of i t a  frankness a d  
inspired a reply by b&jo~ Cox: - 

"'Phank: you vary much for  those remarks. They are  just the 
kind of things we like t o  hear, This sub caa3mftt.eo fo l ess  than 
2 years old. I t  started out as a small1 g r o q .  We were able t o  
do those things -when we started out. We had a small group. We 
could sit down and talk over the problems snd arrive at something. 
The gqopp is lmge now. &l we can hops t o  do is to prdvide a 
common ground for s r p e n t  and then thotse who are concerned with  
the proparation of metterfal, d t e r  this' meeting is over, at least, 
have a cancopt of w h a t  i s  wrong with the situation. Lot's put it 
that wtqy. They simply cant t go how feeling too  good about it* 
Mr, Brooker  will' ham a lot of vofk p i l e d  np o a  him as a rosult 
of t h i s  meeting, and so hll wo at Watertown, 

' T t  is not so mch being able t o  gather in t h i s  meeting 
a hundred or mora of us and f i n d  the answers t o  the questions. 
That was q i t e  evident in Mr. Raymot e mation whf ch actually c r e  
ated a lot of d i s ~ u ~ s l o n ,  nothing definite, an& the motioq wSs 
never vo$& on, Thme are too  many of us t o  a i t  down here snd 
arrive at dl the technical answers, but we do get the Concept 
of what you gentlemen want a d  what youx problems are, We are 
getting it because we have had the problem before ua longer than 
you have. Watertown Apsanal hae been working on we1dh.g of ar- 
mor for f i f t een  years, 

"&, Twlor, AS Chair-, 1 speak for the whola ?m~conunit%ee 
when I say f appreciate your remarks and I am glad t o  have the 
criticism. It is very valuable. In order t o  produce peakor 
efficiency, we have previously farmed two subgpup~ - aae an 
electrodes and the other or, fabrication, T h a t  wes or ig imly  
about the si8e of the whole Subcommittee, and i t 's  only 'try ap- 
pointf  ng smaller subgroups that we can hope t a  arr ive  at the 
answers. We o a ' t  do it here- %ere are too  mimy differences 
of opinion. On th i s  specification, for example, thare was o 
dsy when perhaps the entire Subcornittee aould s i t  down and 
write this  epacffication. We can't do that now. You saw that 
when we were diacusslng it. Therefore, the best we can do in this 
problen Is for you gentlomen t o  $ h e  us your ideas and give us 



your criticism, if there is any, and then those of us who RID 

concekned with the actunl t ~ ~ k  of dning the  job l ik8,writ ir-g  the 
apecif icntians, can go bnck ~ n d  60 the job, than subnit it tn  
g o u  for your connents." 

- In line with tho last remrks of  Mnjor Cox, Col r  Jenks made a swgsatian: 
"Most o f  the problems which have came up t o b y  have brzen 

prribleme In trhich the Ordnance Dep~rtrnent desires  in fo rmt ion  
in connection with specifications or other w,ttors .  Now, we ham 
r.n excellent body hore. They me pretty well reproaentativc nf 
the industry so far as the fRbr icn t ion  nf nrnor is concerned, 
and f am wondaring whother we are putting oureelves in the posi- 
t i o n  of tho fnbricator sufficiently and mawering the prnblene 
which he wants mswerad. He would l i k e  t o  know w h ~ t  pmcsdwe t o  
use and I feel we have t~ufficient talent  t o  write down a pro- 
cedure and other recommended prncticera, ~.nd I m wndering whother 
th i s  connittee shouldn't be put to work, c.nd whon I say 'put t o  
work', I don't mean the staff nf the  Ordnance Departnent t o  be put 
tc work, but I mean the comnittee t c  be put t o  w o r k  t o  chock over 
our existing kncwleke and write up some standard practices hc- 
cording to the boat available i n fom. t i on .  ThRt is, t n  pick nut 
men who are o n  this Job md let them subdivids the tcrk in such 
a way  that they can write up the st,andnrd practice nf w h a t  thw 
consider boat t o  meet t h i s  problem. The suggestion I w o u l d  make 
is tha t  you put more fif o w  fabricntor nenbors, put nnre nf our 
industr ia  nenbors, t o  work t o  get this 1nfnrw.tiqn and not at- 
terrrpt t o  handle it a l l  at the Arsenal nr at the P r r ~ v i n ~  G~csunds. 
I think. that's what Mr. Taylor woulrl l i k e  to -have - the b e s t  
authoritative informntinn on oxisting onginezring knavl~dge." 

A t  the swostion of Mr. Iiise of Fedord Velder kmpany, Cnl. Jonks 
outlined tho nethn4 "fn l l c lwed  f n st~ndardf  sing welilf ni: practices i n  tho 
aircraft  influstry nb Rn example nf w h a t  night be clnna fnr the Subconh 
mittee. Col, Jonks concludee: 

"1 think t h t  a s i m i l a r  methnd procedure c ~ u l d  be worked 
out so far as tanks are concerned--that is, propnring the ques- 
tionnaire, collecting the data, analyzing it, nnd ilrtzusing nut of 
i t  roconmendor! practices which you and the government would bo 
w i l l i n g  to accept," 

Mr. Brady of Alloy Rods nadc 'an inpnssioned ploa for ccllabcrration: 
'Tho weld is no better thdn tho e l~ctrnRa.wi th  which i t  

is welded. .I wonder if t h i s  grnup realizes t k t  in this ent i re  
country o f  l3O,OOO,O08 people, there nre seven non, whose worngo 
age is lose than 35 years old, who m a  rasponsibla fnr tho coat- 
ings, tho research on the corrtings for thosa electrodes? Frank- 
ly, I came t n  D o t r n i t  with clno idea in nind--to t&s my hair down. 
I haven't moved a single blade. I talked 1st evening with a 
nurnber of the research men on cnatings'who were hero, They all 
agreed with mo that when tho ward i s  civen, they will bo vary, 



very happy t o  take their hair down and co-operate to the fullest* 
These meh that I t d k e d  t o  last night,  they a l l  agreed they 
would be very happy t o  do it and especiallg is that true of the 
fer r i t fc  t j ~ e  of rod-$, of which we know very l i t t l e .  One c o p  
pany, the A. 0. Smith Campany, has had seme succees. I talked 
t o  the research man f r o m  A. 0. Smith last  n f i h t  and he t o l d  m0 
that he would be very, very happy Pndeed to collaborate with" 
any company on what he had found o u t  so far on f e r x i t i c  steels. 
But 1 think that  this movement i d i l l  not  take place by ahy in- 
dividual - by -my suggestiq It, or by Mr. Taylor suggesting it, 
or by anybody elge suggesting it, It w i l l  taka place only when 
the Chairman of this committoe s w s ,  'Boys, l e t ' s  get together. 
This is an amexgenq ~ n d  af te r  allr wa a r e  at WPX and "I think 
t b t  what we do in normal times efio~lld be f~rgottaa and t h i g  
secrecy t h a t  surrounds the coating businaas ehould bo f orgobtern 
here for m moment. We should get together, 

Nr. q q r l o r  added a f av ramarks to Mr, Bradyl s theme: 
"Mr. Bra@ has exprossod a great d o d  better than 1, the 

thing 1 had in mind. A$ hc R ~ f s ,  MO hr6 at wars There is nQ 
such thing as compatitfah betwuen ~ U ~ S ~ ~ V C S  m y  morb. ~ V Q  cmtd 
g e t  zsww from compotitionr WQ -have t o  fight.  Wo are all born. 
and bred to that purpose, but wo oan transfat our c o q e t i t i v o  
apirit to tho Japs arid Hitlar, nnd %,&a our hair iloyn and ox- 
chartgo information in thiq grodp that w i l l  bi7 of r e d  help. 
As Mr. Brady eaid, we could red.lg m&o things buzz horo if wo 
would do that, I think Lieutenant Reed ought t o  br ing  all of 
his records horo. He has cgmplete procodurcs, Ha knows j u s t  
w b t  happans t o  tho t o s t  plats and ho hns t e s t  pletes tharo show- 
ihg that Lincoln Armomold is good und.er cortnin conditions and 
certainly I would h e  no objections for him t o  t e l l  the wholo 
meeting thR t  Lincoln Armorwold faf l c d  under thdse conditions and 
was all rf ght under those conditions, wp.a good with t h i s  t n e  of 
f it-up and WRS not goo& ~ 5 t h  thnt type of f i t-up. caul d CLV- 

ry r i g h t  througi:. olectrodos and every conceivnble j o i n t  pad fit- 
up, c.md when we g o t  d l  through, pnrticulmly . tho newer compnniee 
t h ~ t  a o  gett ing i n t o  th i a ,  \ # o d d  o ~ a y ,  lWoll ,  f can ge t  in to  pro- 
duction irkncdiatolg. I don't noed t o  f igure around withm20 o r  30 
dif ferent  H plates ~ n d  hnve thorn woldab cnd sent  t o  Abordoen f o r  
test, I know that if I do it this ww, I w i l l  nt l a n s t  bo started, 
Than I can go &md on-my own roeeareh and devaiopmentpnnd try t o  
inprove the proc~sses~ 'It 

Mr. RaJrmo presented tho  fnbricntorat viewpoint  of t h i s  rratter: 
''Major b x ,  1 ir.groo with wbr.8 tho gontlmon have ahid hero. 

As regards the fnbrientore, tho p i c t w o  is not  guite aa bad AS 

it has been painted porhaps. Mr. Trqvlor i~ in a particularly 
swir .ble  p o s i t i o n  of hnvlrg no ~ p c l o g i o s  to 'nnko for either mchlncs 
o r  elactradee. I think it is f i  splondfd tributo t o  h i s  coqa!yy 
m d  to t he  aloctrodo nwnufncturers md machina manufacturing 



companies tbt %boy b v o  g o t  cquipnsnt th.t is doing tho jab 
r ight  now. On tho  othnr hand, th is  problom of interchetlgo of 
information is taking its l og ian l  eouraa, nnd when A wnnts t o  
know what B is 401ng, through the medium of getting acquainted 
at these mootinga, we aro talkf ng . t o  each other over long-dist~.nca 
telephone and going back and forth t o  B R C ~  other's plmts, ,and 
we ~ r o  getting n lot aut of i t ,  I t  -hs beon our pleasuro t o  have 
within tho last six months, I t d  s n y ,  pretty noarly every m n  in 
this room at  our plant. I h v o  bocn in a good mqr othors qfself 
and I merely want t o  say, t o  p o n o t e  this whole picture t ha t  
Colonel Janks brought before us hem, t h a t  our compnny stands 
ready t o  have any of you v i s i t  tho plant at any time t o  noo t q h t  

l i t t l e  we are doing on tho welding of tanks." 

Mr. Brooker expressed tho  d o s l ~ o  to got; t h o  soven man refarroa t o  
by b. Bra* togethar t o  outline dofinita rocommendation$ on electrodes. 

Mr. Humberston~ of Arorods conmcntod on tho viewpoint of his organizat ion 
on this matter: 

"Mr. Chairman, since th i s  t h ing  h . a  como o u t  in tho open, 
I w o a d  l i k o  t o  s t a t e  o u r  pos i t i on  on this. I think al l  the 
o t h e r  electrodo reznufacturers know, nnil I i lont t  know how mny 
of the  r e s t  of you, t h a t  we hnvenPt boon r q r o a e n t a d  up t o  the 
prosent time boenusa wo have not mmufacturod nuatmitic olec- 
trodos. lfe 4idn1 t a t t o q t  t o  b ~ w n e  i ~ v a l v o d  until thsrg was an 
i n t e r o s t  shown i n  ferritic rods. I t  manna stnrting f rom the be- 
ginning, p r a c t i c ~ l l y ;  and some hnve nlready started on it - those 
people who wero represented nt previous noetings. Axon{; the l i n o g  
of w h a t  Mr. Bra* said when wo started OI& $n~estigatfon,;-as soon 
AS we found out thnt wo could be of assf ~ t n n c e ,  it meant starting 
out w i t h  practically oveqthiw wo co,uld t'?ink o f ,  or l ny  our 
hands on, En tho way of vmious types of low d l o y  eteels .  Sure- 
ly, if the wholo goup of ~tlectrrlria non mt t r l ~ e t h ~ p  with w!m$ 
haa been done, thero toad bo nllocntinn of tho work so thnt in 
a comparatively sh'art tme, wo woulrt cone t o  aonR de f in i t e  con- 
clusion as t o  whether there. is m y  poss lbi l iQ of using f e r r i t i c  
electrodes. Ona th fng  thnt L have been pnrtieularly interested 
in, in ~ o n n a c t i o n  with thh, is tho question o f  praheating, 
&err timo i t  hns coma UR, why wc j u s t  run around tho bush awhile, 
and wa doni t g e t  nny plr~ca. fP there is n def in i t e  f ea l iag  t h t  
there  is to bo no prehaatiw, t h t  ccrtninly has a very dof i n i t o  
bearing on the  ilmelopment of  f c r r i t i c  elactrnrlee; so, if thore  
is cry in toros t  in forritic aleatrndos, 3 think that we should 
g e t  together in tho way i t ' s  euggosled nnd thrash it out in A 

re la t ive ly  short time so  that each company dfiasntt s t a r t  in and 
take every poss ib i l i ty  that t h e i r  vnrinus dovelnpmental men can 
think of nnd, balieva me, each ano of them can think of 

Mr, Peppaler ccntributad a f cw renarks o n  tho ,?onoral aub j c c t  of ca lm 
lhboration betwoen Ordnance and Industry: 

'Qhe electrods mnufacturcrs have alwqys beea willing 
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t o  co-onerats t o  this extent, but the tl.ifficulty is, as I have 
always said--1 have got ten  up on my f e e t  every meeting--the dif- 
f iculty i s  that we havenf t g o t  t h a t  sane co-operation from the 
armor p la te  manufacturers. I mean, there are certain types of 
armor plates that will need preheating. There are other types 
that can be welded at room temperatures, If we could get f r o m  
Lieutenant Reed those armor platers itnd those  j o i n t  preparations 
and those aloctrode deposit analyses that had baen succesfd, 
that had passed, I think that t h a t  w o u l d  be enough i n f o r m t i o n  
f o r  us. I t  would show not only what joint prawnration was da- 
s i ra l e ,  but  also what electrode ~nn3yeis w a s  des ir~ .b la .  I 
think t h n t  is redly necessary nnd f think t h t  y o u  hzve got t o  
come t o  some conclusion on t h i s  mnttar of prohonting which I 
have always harped on u n t i l  I hnve g o t t o n  i n  ~vrong with svory- 
body i n  tho  committoe becausc, if we nre going to prohcnt, then 
we can usc t h e  f e r r i t i c  type of ~ loc trodo ,  If wa n r o  n o t  going 
t o  prehoat, then t h e  ferritic t:vo i s  out  on t i r e l y .  Now, i s n ' t  
is posslblo  t o  preheat t h i s  armor p l t ~ t c  to 2W0, or t o  300°, or 
some euch temperature? If it is, then the  iaI.~ctrodc cornmittao 
can t ~ l k  f e r r i t i c  electrode ns w e l l  as tnlk t he  augtsnitic typc. 
?to hp.tr~ both thorcfore ,  wc nrc willing to go along on either 
program but what wo Want i s  the ba l l i s t i c  data from Lieutenant 
Rcod." 

Following R ten-miwto recess at h:50 P.M., &jor Cox rnoponod the 
meeting: 

"Gentlomen, I think idre have found tho strrstetgy. I 
glad t o  aee so muoh taking down of hair. It is grood for us. It 
is good for our b i g  job. I don' t  t h ink  we need to tarry here 
much longor to&~. I believe 1 ~ c  can come right t o  tho p o i n t  
quickly enough, The nsod 'is very obvious t o  as4arnble t h e  inA 
form~tion that vc hnvo. I repant GhRt wo hnvo in this group 
l o t s  o f  good talcnt.  &.ny of t h e  reprssontn.tivos hnva beon 
welding for Fears. &on if they never weldad. a pieco of ar- 
mor in their Livos bafore, they know something ?,bout how to 
start welding and thn t ,  I thirk, i s  more thnn h d f  of thn br ' t t le.  
I think it would behoove you to get togotber in impromptu meot- 
ings of this  cormnittoo. Just m~ke it as unofficial ns possible.  
Mr. Brookor has n suggestion ragmding clcctrode m~nufncturers, 
I th ink t h ~ t  ig our starting point." 

k i n g  the  intermission soma of the  cloctrodo mnufacturors had decided 
upon a meeting as out l ined  by Mr, Brooker: 

" D u r i ~  tho intormission, Mr. Chairman,  a f e w  qf the elec- 
t rode mendnc ture rs  g o t  togother - not only R few, but p r n c t i c d -  
ly nll o f  them, ono o r  two having l e f t  - and d a c i d ~ d  thnt, assmi- 
ing thet vc could get clearance from Washington f o r  comploto 
rovolntion of dL1 informp,tion 04 armor and b a l l i s t i c  t o s t s ,  we vould 
have n neotirg i n  Pittsburgh, at t h o  William Ponn H o t ; ~ , l  on Friday, 
the 16th, at 9 A.11., t o  give the c l o c t r o d e  imnufnctwors  t h o  
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benefit of all knowledge obtained and permit thorn t o  put the i r  
heads togetbar and t o  come out w P t h  recommandatione on electrodes 
based upon everything we know DOW, tharoby eliaimting the nec- 
ees i ty  for longthy rosanrch thzt i a  bound t o  come unless they 
have ful l  previous i n f ~ r ~ t i o n . ~ '  

Tho allegation by hb. Doppelor that the a r m o r  mmufacturors are n o t  co- 
opera$ivo in divu.lk:ing i n f o r m t i o n  arouacd comment from the R r m o r  p l a t e  
industv.  Mr. Bibber l o d  o f f  by blaming Ordnhnce: 

I t k i n g  the latter part of tho last act, tho i q l $ c ~ , t f o n  
was t o  tho offoct thnt  the arrnor mnnufacturors were vmiioue 
kinds of ~ o n ~ h a i r e d ,  l o n r e m o d  individuals, and so for th .  
For tho sako of  tho record, I w a n t  t o  point  out that about a 
yaar ~ n d  a +*If ago,  tho officials of our company offorod t o  
ley beforo tho nrmor making p o p l e  of th is  cowntry . a l l  of our 
practices and analyses and everything. That was d ~ n e  noro than 
a year and a half ego. I am quit0 sure that tho off ic ia ls  of 
our company w o u l d  bo williw to do tb.t t o b y ,  shnuld th~.t cone 
to paas. Furthernore, wo now oporato undor a res tr ic ted  speci- 
f fca t ion.  We are nn t allowed by tho  rules a f  Arw Ordnerneo t o  
divulge this i n fo rmt i an ,  I b e l i o ~ o  t h t  something along the 
lines o f  w h a t  Mr. Brc?ok~r f i r e t  spoke about, gst t inA sone kind 
of n release from the Army Or&ance, nust be done before wo Can 
officially reloase th is  f nfnrmt ion." 

L t .  Roed indicated thct the armor industry was to a cortain extant res- 
ponsible far the present st fit^ of ~ f f a i r s :  

"Mr. Bibber's atntemont regardfw tho fact tb.t there was 
an impression Riven that the =mar nsnufacturers wsre l o w  
haired individuals is cnrroct. He 1s &so correct in stating 
that the Carnegis-Illinois Steel Corpnrntion said that  they would 
lw thoir facts befnre us as they did. It wp.8 requested of each 
individual armr manufacturar to give the chemical amJysis in 
caso it was f~ .ce  hrdoned. It was roquosted thnt the type nf 
carburizing and subsequent hortt-treatment be given with tho f i r i n g  
records. That was over n ycnr agn. To dntc, our  record8 wro 
s t i l l  inconplote, due t n  the raluctanca on the part nf enme =mar 
nanufactwrors t6 divulge this  information; and, .a y o m  and a 
h d f  ago, when they said they w o u l d  bo w i l l i n g  t n  giva freely,  
the other pentlenen said, 'IVhy should we dimilgo w h a t  we have 
spent years and millions t o  gain? ' Those a r e  facts* To date, 
we don't have all the knnwlodgo, Tn &,te, we ,bve t n  drag it 
out by a claw-hamnor, to get it out of thon, 

"Hnwover, it is in order at t h i s  timo to  approach the Ord- 
nanco Office, it soema, and havo al l  these data rude available. 
Now, you have it put on a crlnfiiiential status at the request o f  
the armor mnufacturers. I t  used t c ~  bo on a socret basis be- 
oause nf tho a r m o r  manufacturers. Now, tho Ordmce  Pep~rtmont 
flogsn' t care mch what status you people w a n t  it on. 'do wnuld 
be glwd t o  p r i n t  I t  with no restrictions on i t .  For the ononioe 
tn learn how to  m k o  wnoy plate,  I drnt t knnw whother i t  would  



help them; I don't think they have the atwff to do it with. I 
think it w o u l d  be wise for sameone who could c o n t r o l  the pol icy  
of the armor mam$acturers to  approach Yashingfon and request - 
that information to be as free as the wind o r  i t  be r e s t r i c t e d  
- anything t o  get  it out of t h i s  confidential  status, and any- 
thing t o  get us the data would be highly acceptable." 

Mr. Brooker o f f e ~ e d  to take  the matter up with the pronsr a u t h o r i t i e s  
and requested suggestions as t o  how the armor industry f e l t  about it: 

"I am going to Washington to try t o  get  a release on the 
information on ,armor plate  and welding and b d l i s t i c  t e s t s  f o r  
the  alectrode mnufacturers.  I t  woufld >alp .snmc if f could con- 
vey some opinion. Ms. B i b b a ~  k s  a l r a ~ d y  said that h i s  company, 
1 believe,  w Z l l  b d  g1o.d to convey my informntien." 

Mr. Vhitmor of Rqubl i c  S t o e l  Gorporntion: 
"You should  go %y tha  s ta tamont  Iibrris mhdo in thtit moat- 

i n g  about throe or four weeks ago horc in D o t r o i t  that if tho 
Army Ordnnnce opons it up, O.K." 

Mr. Kowxnitsky of Brnezc Corporntion: 
"I \ t r i l l  just express the  szme thing as Ib. \ghitmcr; if it 

i s  d o s i r a b l e  with the h.~, vc w i l l  open up." 

Mr. Gczelins of G o n e r d  Steel C~-siinp;s C o q o r ~ . t i o q :  
"I nttend theso meeting6 ns a r~prosont~tivo of t h s  c~sting 

group as a whole, as well n s  raprosenting my conrpany, ,and f t h i n k  
t b t  i t  bocn v a y  wall 6stablished thzt the  cast  armor  group 
as a whole hns no objnction wh~tover t o  thr! Qrdnwlce 'I3ep~srtmont 
ro leaa ing  e l l  i n f a r m t i o n  they w ' m t  to." 

Ms. S h i f f l i .  of Americnn Stoel ~oundrios: 
'I1 concur with  Mrc Gczellus1 s eqresaian.'" 

Mr. Abbott o f  Diobold Snfo nnd Lock Company: 
"I must canfaas that  until. 3 months ngo, our company did 

kesp most of i'ts i n f o r m t i o n i n  its vest  $Pcket. But t b , L  pol icy  
' has beon changed ~ , n d  we put r ?  broad Tnterprot~, t ion on the word 

' r e s t r i c t e d ,  ' lh hnvo given o u t  quite ia bit of information but 

i t  has boon rastricted t o  t h o s o  conpalzinr; who have boon making 
the same typo  of armor p 1 n . t ~  thnt wo hnvo; if vro can give any 
in fo rm. t ion  t o  nqvona t ha t  i s  connectad with tho defense pro- 
gram , prov id ing  i t  'is O.K, d by t he  Ordnance Depnrtment, why 
we w i l l  open up everything that rro have got ,  including quite a 
numbor of t e s t s  thnt wo hnvs m%do find the re~ul ts o f  which tho 
Ordnance Depcftment has not,  " 

Mr. Vennorholn o f  Ford Mot o r  Compnrq: 
"Pord Motor Compnny hns no secrats and I would like t o  bring 

t h i s  t o  Mr. Brookor's a t ten t ion ,  I' 



Mr. Miller of America Cbr and bundry Company: 
"1 am not  5a a pps i t ion  t o  s a y  definitely how much informa- 

t i o n  has been givsn t o  the Ordnance with regards to b u r  work. 
1 don' t kmw about that definitely, but as far as the company 
coinciding with the  general opinion of the meeting hers, I be- 
l ieve you w i l l  f ind  the h e r i c a n  Car and Foundry Company w i l l  
jo in ,  That is o 4 y  my opinion. However, 1 would prefer t o  hatre 
that verff ied by the management of the company. I' 

These remrke indicated a willingness of the armor mAkors to W e  theis 
data available. The electrode peoplo arc planning t o  pool tboir data on 
clectrodes. It was evident tht tkerc wan 6 need for pooling information 
an welding methods used by vuiaus fabricators and the rosults obtainad. 
k j o r  Cox asked f o r  suggestions: 

"Now, gentlomon, w h a t  would you th ink of a group of sav- 
era1 people putting their heads togathor ~ n d  working out a 
standnrdfzed schomd of practices f o r  welding? We nasume that 
the electrode situation is now going t o  be taken care nf very 
w o l l  ~ . n d  is quite in hand, 'fie a r e  going to excbngo informot 
tian freely and t e l l  each other what each h e  found b e s t  f o r  a 
particular job, even as f a r  as t o  t e l l  w h a t  the dozen things 
are you put in the coating8 you want. I don4t want t o  ask any- 
body t o  g e t  thi.8 thing up 'becauso pverybndy 'is ter r ib ly  busy, 
but, f think that with thf s group ~rnund here, we can g o t  some 
suggestions+ who, among the  fnbricatorer who a c t w l y  put these  
plates together nnd welded them, ~ v o u l &  head up R little group, 
where they c a  sit down, just tho way tho oloctrode people are 
going t o  do, and write out tho form for welding procedure, tech- 
nique, just w t h i n g  thnt's involved in L a y i n g  out a givon 
structure i n  weldf ng tha things. I' 

Mr. Deppeler voiced tho thought that: 
"That matter is different wf th different electrodes. You 

take, for instance, we prefor a s t m i g i t  gap proparation, or 
almost a straight gap preparation, becwsc in the weld metal as 
it is deposited, the arc decreases the center and r ~ i s e s  the 
side and makes a nice meniscus on the  side walls. VQ rather pre- 
fer the s i n g l o  bevel or, at least a 10' t o t a l  m g l e b  Those 
things, it seems t a  me, are atill in the air, although we oan 
recommend a practice with 8 cer ta in  electrode, We can recommend 
that,. but we can1 t say vary w o l l  that thiit will ~.pply t o  al l  of 
them. 'I 

Wor Cox continued! 
"Mr, Deppeler, I can fully appreciate tht. I know that 

the tee-hique of laying out a welding structure is nn t  aa 
standardized as measuring the diameter of R rod with  a micrometer. 
Nevertheless, it does seem that with a l l  nf o u r  backlog of 
experience nnd with what informfition we h v e  gathered aar l a t e l y  AS 



applied t o  madif ica t ione  affecting krmor, that we now lmve at 
least a basis on which we can arrive at some kind of standard- 
i z e d  procedure. I w o u l d  like t o  see e group get together,  even 
though they f i n d  out it can't be done. Let's get  R group t o -  
gether and see if there is any way of doing it. Mr. Deppsler, 
I think you can do it. You can Lave P; or 10 d l f f  erent recog- 
nized procedures and l e t  the m,nuf actur ers tRke whichever one 
he chooses." 

>ir. Biedermm argued far a prcparod printed pamphlet of theso data and 
%.JOT Cox continued: $ .  

"1 should l i k e  t o  modify w h a t  you &ve s ~ i d  to thig extont: 
1 know o f  no product ta~hcro tho user i s  more skepticzl of the 
information thnt goes with the product than ho is of 'welding 
rods. I n  other  words, there isn' t a man that w i l l  buy s par- 
ticular brand of r o d  w i t h o u t  t rying it out f i r s t .  He wouldn't 
t&c tho  manufactilrer's word f o r  it, would he?" 

Upon Mr. Biederman's ngraemont with this idea, Major Co* continued: 
" A l l  right. Lct's ge t  the f:xbbsicators together and 

put down the i r  experiences w i t h  the  given rad ~ . n d  the civen 
layout  that they t h i n k  best, nod then, whon rare g e t  t ho  informd- 
t i o n  from both o f  these groups, v e  w i l l  doaotnil them r igh t  t o -  
gether and soo where they stnnd, and  uro wilL certain1.y be riblo 
t o  scpra te  tho sheep from tho gonts, We w i l l  know oxnctly 
where thore is harmony and vhore t h ~ r i ?  is d i ~ c o r d . ' ~  

Mr. Bibber pointed out th,t the  %Lectrodo Group proposed t o  do this: 
"It is nry unfierstanding t h a t  the %I.ectroes Group hns 

81rend;v a e t  up and ?~,s t h e  mechanism in opcrntbon t o  do t h i s  
thinp. Prrmkly, most of these febricetors here I-cCvcnt t h ~ ~ d  
anywhere nanr the  mount of e-x-porience thnt t h e  cloctrode manu- 
facturors havc hrd and, if t b ~  electrode m-ufnc twcro  do this 
job n s  it should be donu, wholly without t h e i r  own commercird 
bias, would  lot thzt product of t ho  mechnism which  ha^ now been 
s e t  up be the proper ono t c  ?;et what you want sn far as the 
roconmendntion o f  hov to m n k ~  a ~ r o l d  is cnncerned?" 

Lt. Rosa m d o  a suggestion: 
"Tqould it bo in order at this time to suggest that tho 

various and sundry man here wkn k,va made up t h e i r  own par- 
t i c u l a r  designs, form a joint dasigll ar,d presunt thnt in writ- 
ing on  the l e t t o r h a d .  cf t he i r  coqany t o  Mr. Brnoker; t h ~ t  he 
rovicw thorn in t h e  prcsenco n f  our &ta on shock tests; nnd that 
the total amount of i&nrmt ion  be t&on t o  tho clactrodo ,manu- 
facturors' n o a t i x .  1 bclievc tho  electrode manufncturars llavc 
had almost as n c h  experience with tho  d i f f e ren t  typos of j o i n t  
properatior, as the fabricators. " 

Mr .. Brookor of fored an objcc t ion:  
''I question whetker subclissfon of j o i n t  deaiqns f o r  homo-, 

gsneous a r m o r  t o  me, o r  t o  R c:roup, would mean ,a great deal because 



the buildhrb of tanks an& other  vehicles of homogsneoua slrmor 
have their fdeae p e t t y  well formulated and based upon good 
information, 

The electrode people seemed t o  fee l  t h ~ t  a survey of joint designs and 
procedures would be desirable at this time. I t  was apparent that the 
data available in the hands of various individuals needed an overrall 
qpraissl t o  be of value. This was suggested by k j o r  Coxr 

"I repeat the thought I had before; that whether we found 
out mything,or not, let's air tho subject, w b e  we won't 
find W h h g  out, %be wo w i l l ;  f think we w i l l .  " 

Mr. Bibber suggested that the two groups already organized might nccom- 
plish the rosult desimd by the fabrf cators and p~oposod by ' k j o r  Cox: 

nThero ie another snglo t o  t h i s  thing which I think has 
been dverlooked in the main meeting here* have a resoarch 
committee, a baearch 8ubgroqr In other worde, i t  waa appro- 
ciated aome time ago t b t  the big group  her^ wan too  big to 
handle these problems; that the conversation gat all  off tho 
tr&ck$ m d  that we needad thoso anallor groupa; and, as a ram 
m i l t  of tbt decision, the ELcctrodo Sub@oq wag e a t  up and it 
Pe now functioning and thoy had a vow f in0 mooting yesterday. 
Howevor, I f e l t  that Mr. Taylor's indictment of tho oammittae 
was a l i t t l e  b i t  harsh this  a f t e rnoon  for this roason, Tho 
thing that ho wante'd t o  t d k  about was 'ilready working; namely, 
thf s aectrode Subgroup of the Comm5ttce--and if thw &fdnrt 
get t o g e t h e  yestex'day and t a k e  down their  hair, it w~ks thoi? 
own fault* Now, this afternoon, thoy came around t o  i$ a ISttls 
bib serious. Nowl we have in additfan t o  the noctrade Subgronp, 
this Research Subgroup whoso function it is t o  work on these 
things, notably Jo in t  doaign, tho question of the Y versus tho 
H plate, unchi-ppsd versus chipped roots - those things were the 
function of tho Rosearch Subgroup. Now, dt might be that ths 
mochaniem is already s e t  up hare botwean these t w o  small sub- 
groups which are composed primarily of those who are, directly 
interested ia these problems, It might be thnt  if we had a 
joint maatfag of the t w o  Subgroups, the reasareh and- tho alectrode, 
that out of that combPns$%da would oome tho resu  t t h R t  you wantbn 

This argument by Mr. Bibber brought quite dofinite ly  the purpose of 
the original organ1 zatfon of groups within tho Subcommittee, a point  
which many of the lqdividnals present did not  app~ocinte because thoy 
were new to the Subcommittee. Howtroer, the @satest stumbling block 
was the feeling that informod people were withholding infnrmation b e  
wu8e of either commercial restrictions or conf idsnt id classif f cation 
of dAta by the War Pqnrtment. It was evident that the Subcommittee 
cpuld not  function effectively without the elimination of those restric- 
tions. 

Lt .  Reed repeated his suggestion made previously: 
% o t  ua not forget that outaide of the Resoarch Subgroup 



there has been quZte a bit of experimantnl work done on plate 
eQe preparation and j o i n t  deeign by the other people. If we 
have the people concerned here now send in on the i r  letterhead 
ts t he  Ordnance office the i r  idea of a successful j o i n t  design 
and welding procedure; i f  we take that and l o o k  i t  over and sep- 
arate the wheat from the chaff a d  take thnt  to tho combined 
meeting of the  Rosearch Subgroq and the mact rode  Subgroup. 
then Fre \ g i l l  have something conetetc t o  work on. I hnvo o a y  
a t t e n d e d  these meetings f o r  a year, but I ~lways know t h a t  if 
you stop znd wrf t e  something down on paper you APP p ick iw  out 

. one m~n's opinion and gradudly building something. If you 
don' t write something down, you air i t  and you never do recall 
it. All of those ideas having been aired, l e t ' s  c o r r ~ l  thorn and 
s ~ d d l e  one of them," 

M r .  Biederman commented-that he had seen no written or pr in t ed  inform.- 
t i o n  from t h e  group8 whfch would help him build tanks. and Mr. %rncr 
enohs i zed  the necessity f a r  complete welding data  an t e s t  p l ~ t e s  if 
any study i s  t o  be mado: 

''1 agree with 1 4 ~ .  Biederman's remarks, m d  i t  loads  ma t o  
m a k o a c o n m a n t w i t h r a s p e c t  t o  t h e s u b g r o y s - t h e h s n n r c h  
Program Group. Primr,rily, tho i n t a n t i o n  of that Research 2ro- 
g r ~ m  Subgroup was t o  f i n d  out if there was any difference in the 
perfornance o f  an H and Y weld with a qunl t f i c n t i o n  shock t e s t  
y d e r  ballistic firc. Now, Lieutenant Reed has a l o t  of be3- 
lfstic data on H and Y welds but, unfortunately, ha doee not 
have the complete information on t h c  t y p o  of 'plate and its com- 
pos i t ion ,  hardness, how it was welded, how the joint was prepared, 
end s o  forth. If Lieutenant Read and his assistants had a l l  of 
t h t .  informtion,  thbn, gohtlemen, i s n t  t w h a t  wrr w a n t  a complete 
analysis of that data which we can chew up and d iges t ,  and s o  
forth? f n order t o  gat that nn&Lysis, we must have completo 
information as t o  how each of those specimens was prepared." 

Lt. Reed made a plaa f o r  more t e s t  p l a t e s  t o  bo f i r ad :  
"The Aberdeea Proving mound is just more t h a n  w i l l i n g  t o  

shoot at any plate you sand in. ft am disappointed that we haven't 
had more plhtesr I t r i od  t o  bring o u t  t h i s  horning in the moot- 
ing that ~ z .  year ago  we decided t o  do something fibout this ncd in 
the l a s t  three months, we did  do something. I was at the Navy last 
year' They sa id  the i r  work want back t o  early 1937. 1 had t o  t e l l  
them that mine want back t o  early September. Fisher Body h s  sent 
in aboat 20 plates. Ford lmd sent i n  ahnut 10, 15, nr 16. One 
plate  f ired in &y, and mother f i r e d  in Septornber, and finother 
one f i r e d  a week before this  meeting does nat give us the in fo rm-  
t i n n  we need. I t  does not give us the t ime t n  c o r r e l ~ t e .  vc h s v o  
tn mull thess things nver in o u r  mintl. It may cone t o  you in 
your sleap, but you have t o  time to draw conclusions if you 
want the  conclusion t o  be proper, and you heve t n  have data tc! draw 
c~nc lus ions  f r o m ,  ,and t h e  data we have is principally baeed on  



the last three months. It is principally based on data from t w o  
or throe plnt as. It 

With reference t o  the proposed survey by the mectrodo Group, Mr. Brookar 
enphssized the dosire that everyono submit idms m d  data: 

s u g o ~ t i o n  h e  d r e w  beon mado that those in the 
know ~ u b n i t  details o f  j o i n t  dosign as bost they know then or 
fron tho i r  experience. Thoso pcoplo rcrprasented horn, we hnve 
a n d e r  of poople who have weldon R T ~ O X  mil Some rho haven't 
and we nre concornad tjfth both homogeneous and fhcs hnrfiened, 
Let me 88k that t h o e ~  people who rapresent A.C. F., Dio- 
bold,  York Safe and Lock, Breeze, Ropublilb, A, OM Smith, Una 
Welding, Badwin, P u T l m ,  Chic* Bridgo and Iron,  kindly &re 
theao notes, If I niesac? anyboay, l o t  thcn m k c  Lhe notes a t s o .  
Get \AS-l forms and put down your racormendntfnns f o r  J o i n t  
ileaign fa honogoneous armor p l ~ t e  j/g" thick, 3-1/2", 2", find 
2-112 ' I .  On face-hardenart Rrnor,  l /bt ' ,  1/2", 5/g1', 3/4'', and 1". 
Homogeneous should bo c ~ , e  t mc! rolled." 

Offers t o  co-opemto were roceived frnn m q r  of the fabricators present 
and Elajar Cox ac?ded a word of encnuragennnt: 

"Gentlomen, I want t o  a4d thia: Wo are shunning a lot of 
rod tape and saving t i n e  by asking you f a r  this  i n fo rmt i f in  at 
this meeting. This is n u s  n f f f c l n l  roqucst, IVe want you bo @ 
  head and dictato tho letter,  \Ve il.onl t want t o  h~tre  tn bribe 
you or remind you thnt we nsked you f a r  it tam, We w m t  you 

" 

t o  do it dw aftor tnrnorrcw put tho l a t ~ s t ,  profornbly t tonprrn~.~~ 

A qucs t i on  was rhisad by Mrr Bfbbor about the imprrtancs of n notary's 
stamp nn the data f~rnr This ~ l t ~ ~ . r p  nccupios valunbla spaco and in some 
cases r ? o l ~ y s  conplation o f  the form for trhnsnittal, Mr. Brn~ker stntod: 

"As far as I fin cancorned, it cinosn' t nenn R thing.  I t  
is straight stuff .  I hcve no doubt in my mind that any cf you 
are going t o  send mything but tho straight stuff, so just &fp 
the nntary. Lot ' s  snve 

Mr. Biedernan aaked whethor the noterry' a stamp cculrl bo nnittefl m d  h j n r  
Cox replied: 

"Mr. Biedernan, I cannot ,ulawer thn t  as C h i r m  n f  t h i 6  
Subcommittee, but I cRn nffer a suggestion nnfl that is that  you 
shoot nne copy thrnugh withnut tho notary anrl let the othor one 
in time come thrnugh. Seml your car3on copy. Have the r\riginal 
signed and send tho cnrben right dLong. It a l w ~ ~ t a  tnkas c? little 
time t o  got decisions nn p o l i c y  so, rather tk.n try t n  establish 
a pol icy withput tho bornas of t h i s  r n o n  rind. this m a t i n g  t o w ,  
l a t t  s taka the easy way nut, Let's send Subeonnittea stuff as 
a carbon copy without any notarization. fl there are any plates 
at Aberdeen for qurrLif ication tests, soni! Lioutomnt  Reed a carbon 
copy, if ynu want, but hnve the nriginal notarized until ynu are 
o f f i o i a l l y  not i f ied t h t  is unnecessary, WQ cannot s e t  up p n l i v  
an that in this  meeting." 



Mr. Bibber asked whether radingraphs were necessary t o  be eoailable p r i o r  
to shooting t e s t  platse and Lt. Reed renlied: 

"IaIr. Bibber, you know how thinga go in the Army. If I have 
these X-rays there persamlly, 19s Dan imediately start a report  
back t o  you a f t e r  these thinga are Pired, and we can immediately 
start the long procedure whereby the other  peopl-e w5o are on the 
mailing l ist  f o r  that particular rncord can g e t  the information. 
In particular casos, cer ta in  gentLenan ca l l  in and, get  the dope 
that ,they want on the i r  plates after they know wc hava ffrod it. 
You cannot handle 8 hundred poople a day that way, so llrc have t o  
aond out these f i r i n g  records. Tbs f i r ing records t&e time enough 
as it is, and lot's not  delay it two or throe or four dnys more 
by waiting for radiographs. I' 

In a discussion of t e s t  plato typos thicknosses Mr. Outcal t  %roe4 
t-kt tho H plato is t he  most difficult r&th Unionmelt but thnt;: 

"1 bolinve we con, nnd if thF,tls what you hvc;  t o  have, 
WA will m&e them." 

It wae considorod thnt EI tost plnto thicknoes of  1-1/2" would  bo rep- 
resentative o f  the slrmor t o  be welded f o r  tho 14-4 modi~m tank and !'IT. 
Bibber comncntod: 

" I t t a  op in ion  a f t o r  welr?.ing a, number of' those 2" and 1-1/2'1 
plates thet  t h i ~  cll;c.trodo rantcrinl i s  very eqons ivc ,  I t  casts  a 
l o t  of money nsd i t  t ~ k e s  -a l o t  of  t ime,  and i t  is my own opinion,  
vith some considorfiblo btlckground bath in this nnd fn o the r  crises, 
that if you use 1-1/2"p~.zta, using tho clectraircs tj.:~.t +re R r o  in- 
volvod wi th  hem,  gou chn wald a 2", o.nd t o  rsauire a 2", is an un- 
nocossary h~,rdship in t i n e  and m11cy.l' 

Lt. Reed commented a l s o :  
"Well, if tho Arr;.pr docmad it advisnble ?o r  you o n l y  t o  uso the 

H pla te  in 1-1/2" thickn~ss, I think it is going  t o  bo E kmttar of 
your judgment ns t o  whotiler o r  not you tSi:& you can weld 2" w h ~ n  
you havc passod 1-1/2", md if you don't think you cnn wald 2" ,go 

ahcad find wold it up. We will t o s t  it, but if you think y o u  ccm 
weld 2", d l  r ight* Just bo sntisf i o d  with 1-1/2"." 

I t  was deoiZca that  the noxt mooting would bo iwla in D e t r o i t  on 1 k r c h  
1942. This =s t o  be thc  f i r s t  meeting on Smday st tha sugeostfon of 
Mr. Bioderman: 

"Sunday. ( ~ a u g h t e r )  Ihybo thn t  sounds l i k e  a joka, but 
we have been ho ld ing  meetings on Sundays. Right now, we a r e  gat- 
tlng t o  tho poin t  where WJ nra building tnnks. We .k,vo a major 
Job on o u r  hands, Sundny is 4y most available d~y bectrusc Sun- 

'd,sy I w i l l  bo working v i t h  c, l o w  force but the rest of tho week 
it is going ahoad, and Sunany is the b e s t  timo for mo. II 

The meeting was adjourned at 6:30 ~ 1 1 4 .  vi t b  n c l o s i q  thought by Major 
COX: 

"lf'oll, gontlersen, it is gett ing lato and I certainly- persoad,ly 



appreci~te your s tqrfng over longer than the usual -7 of peek- 
iw on euch things, but we aro dl in this  thing tagethnr and I 
would l ike  t o  loavo t h i s  thought: We have soma people on ei ther 
aide of us in these United S t ~ t s e  who would have applaud04 i n t o  
an encore had they attended the meeting this  morning. I think 
they w o u l a  hatre gone aurw with a disgust of the ehow a0 the ro- 
s u l t  of our meeting this afternoon, f wish t o  tharBr you a11 for 
coming, It 

The dlscuesfon at this mooting indicated tho need, for more freedom 
of exchange of information which i$ now clnslaif l e d  ns ftconfidezitf@l. " 
&SO tharo was indicated a desiro on t he  pnrt of tha fabricatin6 induatry 
that bal l i s t i c  t e a t s  be made of  a conplctely volded t& ,hd1 t o  g o t  somo 
ac tua l  comparison with a riveted hull for propaganda purposes. The thought 
that such a t e s t  was more of a t e s t  of doaign of structure rsther thm a 
t e s t  of the welding was, howover, ompheizerd by Col. Fryo. As indicated 
by sole  of tho argument for this test  one might infer that paoponante 
wero r e a l l y  argqiqg for lowore& roquiromonts for weld qualf By which prob- 
ably w ~ d d  not pass in H platos on the ball ist ic  t e s t  becauso the H plnte  
t e a t  ie more sevore an the individual weld than ie the t e s t  of a c o q l o t a  
hul l  



SUBCOZuItdITFm ON RiCSISTANCE TQLDZNG 
TU%SMK, 13 JAJlUAXY 1442 
TmlGXP BIEGD, DAYTON, OHIO 

The second meeting of  t h e  Sibcommittee on Resistar~ca Welding was 
held at Wright Field ,  Dayton, Ohjo o n  Tuesiiqr, 3.3 January l g k  with 17 
persons in attendance rcprcsenting:. 

Resistance W e 1 d . i ~  Equipmeat Manufa.etarers 4 .  
Orda~,fice Depar,trnent. f! 
Army A i r  Porces 2 . . 

U, S. Navy, 31lrea-u 09 Aeronautfae 1 
Guests 2 

Thc meeting was opened by Major Cox, Acting Chairman,  ~ i n c o  (301. Ritchie 
laad beon assigned t o  o t h o r  work, and Gal, Morgan welcornad the group on 
behalf of tho Azmg Air Forces: 

"Gsntlgmoh, 1 am hero t o  walcomc you on behalf of the Air 
Corpe, I hoped Major Bontnar would be hcre t h f s  morning on behalf 
of tho Air Corps, but I w i l l  express their pleasura at having t h i e  
meeting herc. I would l i k e  t o  sws on behalf of tho Ordnance 
stuff, k i g h t  Field ,  t h t  wo a o  very plenged at yotr baing here 
and tho work you a r e  doingc. I hope beZare the d t v  is over th% 
you w i l l  ht5ve a chance- t o  come t o  t h  o f f i ce  and talk persarmlly 
with us. 'tbe foal tho problem of renistancc welding is going bo- 
yond the point of my acaeemie development. I t  promises YE bet- 
ter armor plate nnd t o d a y  t&t mesas l ivus, This development in 
resistance welding of plate t o  bradcots givos us a means of meet- 
ing this problem we have hpd ' to  tolerancon f n ins  tal lat ions and 
it w i l l  help us. to pult t h e  plnta in more readily, fncil l itnto pro- 
duction, and expedfta dolivory of plancac On bsllnlf of tho A i r  
Corps ard OrrZnanco, I wmt t o  axpsoss nppraoir~.tion Solr your COW 

ilng today  and for whzt m a  m o  doing and hope thnt your o f f o r t s  
w i l l  prove fmiitful an4 o b t + b  tho objoctXate we dosire." 

Vith rcferenco to the a b s e n c ~  of ODlr Rltchi~, k J o r  Cox rommked: 
'Gcntlamon, before we go &to tho mnin businoss 6f tho 

day, I bring with mc a message gram Col. Ritchia, e'xp'eesing 
his sincere regrots of bqiAx t o  drop o;t of C & i q  an a c t h a  
part in o'w. Subcommittee work. Ho in now Production Manager 
at Watertowrl Armend, and, us s result, I s  unable t o  car ry  on 
with this ~ubcdmmf $tee work* I 've been act* as C h a i ~ r b  
and the  Subcommfteoo ean now elect a Chnirman as t h q  wish.' 

Major Cox was unanimously c?l.eqtod Chairman nnd r emwked: 
E wish t o  call to tho a t t e n t i o n  of the  group thn*. trans- 

actions of the Sabkmm\ttoo are t,o bc corlsiderea 3s of @ con- 
f i d o n t i a l  nature. h t a v e r  is discussed hore should. n ~ t  be 
divulged to unduthorizod parsone, I might add, gentloion, the 

. % 



principa requisites for melmberehip era all. of our ~bcarnmitteea 
are an active interest in a c b l  production or researah along 
the l ines  of the intent of  the Subcommittee. Anyone adtually 
doing resistance welding i a  e l ig ible  far membsrship. fqe, however, 
want t o  keep o u r  Subcommitteee ae a w l  os w i l l  repreeent an ef- 
f iaient working organization. 

A t  the laaL meeting at Watertown Ar~enetl  on 27 A w s t  1941 certain teat- 
programs had bee'n ~ w t  I,Q md Major Cox empha~leed that one of the primarg 
6bjecta of the present meeting is t o  dilecuas &weLopm~nte from these t e s t s  
for the benefit of the B r q  Air Forces, 

Mr. Gillette s m r i z e d  the t e a t  work done by hPm at Schensctady: 
"We started out with a w l  samples and tried t o  determine 

proper working procedure t o  givs the hmt treatment. Found 
tamperatwe maaurrmenta atbmed more or less a0 EL guide t o  
change quality of weld. In welds about the dimatsr called 
for in the specification, one difficulty war t o  elimin~ts poro- 
r i ty  entirely. Other fnulte ekowed up in X-r~grs. cleaning 
material a e ~ e f h l l y  and usiw relatively high prvsourr practical- 
ly alimfnatsd porosity. Prerrurte had v e v  little beasfly On 
the f i n d  e tmture .  Fasts for  hardness showed not too wwh 
change through area of weld, both in homogoasoua a d  frcce hsrde=dsl' 

Lt. Matthaws connn@ntod on bal l is t ic  t es to  o f  araqplrs aublaittrd by 
Gil le t to :  

"Wta terated four f me-hrrrdontud ~ a m p l % ~  of mryimrg chuac- 
terietics. &me seemed adsquate, but some failed on two or 
three rounda under sho& tests;  aome failed o a  c~mplrte shack 
t e e t  of ten round, bwrts. Jotats wry brittle without pulling 
nuggets from the plat@, Plrtea eat isfacWry ahowed hrbmrrr 
a f  350 te, 450 BrinellaH 

&, aillmtte r q l l e d t  
WWeld rruggrt pulled out rakher t h a  pull bole thraugh 

plate. W@ld q be too amall  in diameter. They m 54 on the 
hnrdenod surface aad 30 under that. FUty in tho edge sf the 
weld than drop b u n  t o  45, 36, 3g, 35, and 36 again," 

Mt. B~nkert  sunmrarised t e e t e  made by hie company: 
'Wa lgade samplra of l /bU face-hardened md hoteogearaua, 

FoUpa heat treatlaoat e f eo ted  grain refinement, dwt i l i* .  
Ductility o f  mjbr importahee. Homogeneous takes muah more 
current t o  weld. Variable pressure cycle mar extremely inpor- 
tat, h o r  plate welds caaier thPn open hearth, hat sol led,  
or cold rolled skesl. There, is only .ens w a y  t a  arke a wrld and 
be sum; that fa ,  by actually measuring the temprraturs of the 
weld and of the weld nugget direatly a m n e a t h  the psimt. 
Thia will br a aonrtant gradient, ather varirblrs - preeaure, 
electrodes, line voltwe - w i l l  el o a q ,  Juet a8 low as 
yau maamre the temperature you get a wdd every time. &my 
t a r t s  wore performad md proved that the, welds were dl a'l&eron 



It. Hatthaws commented on ballistic t e s t a  of the t e s t  plates: 
"Mr. Benkert t a  plates took the t e s t s ,  No indication that 

snots were britt le  or began t o  separate under t e s t s  applied*" 

A sample plate of 1/2" face-hard~ned armor, simulating that  installed 
behind ths airplane p i l o t ,  with mounting lugs attached by spot welding 
by Mr* Balker t s company was exhibf tsd. This sample had been ball is- 
tioally tested a t  Water tom Arsenal, and Lt, Matthews diecugsed th6 Pe- 
s u l t  a: 

"he armor i6 1/2' face hardened. A l l  the load wa8 taken 
on the spots - machine gun prbjectiles atriking normal and yawed 
Impacts, The plate fa i led  but welds aro sltill good. One a hot 
through edge of spot tore e l ip  a m .  H6W strong should c l ip  be? 
7/16' bo l t  almost failed. Angles are 1/4". Perhaps. a thinnmr 
section could be used for this thicknees of plate." 

Majo~ Cox commented: 
"That plate wae given a rather severe t e s t  sad those 

spots h m o  not &own the slightest sign of giving way. I' 

Mr. K a u i t z  mentioned his development t e s  ti%: 
"Working on *welded joint with butt strap. Faceh?dbaedti 

ploto takes about 50$ mare currcnt. Working on 24" weld on 
314" plate.  

Mr. Wfss deecribed certain tests mado by h3s compnny on 1/b" artnar: 
"!ield on mmples of face hardened. Attempt made t o  st ick 

t o  abbut 5/SU diameter and to koop hardnoas of weld to hbout 
'bhe same as material, Weld showed awe hardness. We w a n t  to 
g e t  more hardness and indicntions are that we would have a 
laygor diameter spot than 5/8" ." 
Mr. Kaunita mont5oned s q o t  spaoing of 1-1/2" on this I/&" plate which 

he considerod proper. Mr. brchant stated that samples for f a t i p  testing 
had been submitted 'ay Mr. Bonkert. All of the resistance welding people who 
attended the last meeting axe not present and have not  submitted an$ samples. 
The general opinion seemed t o  be that spot welds larger than the 5/8%used 
far mild steel w o u l d  be desirable, The purpose of t h i s  development program 
is t o  give data f o r  pl'eparatfon of a spot welding specification, 

Lt. ktthews observed: 
" M i g h t  be well t o  forget about o* specification for the 

time being. No reasan t o  limit spots. h o k e  l i k e  larger spots 
and greater dfat~nce between will be the bast condition." 

A w l  h j o r  COX suggested: . 
"Do ahead on the bi.1~ of what your common sense t o l l 8  

you and 8ubmit samples t o  Watertown. Resistance welding -ha& 
large poseibilitiea in fabrfatttion of light armor." 

Mr. MuchDnt obserred: 
"&pears we should be more concorned with 'b~ute strength* 



4mmF 
than ?he talurgf cal. perf mct io n. 

Samples of c l ip  at tachmant hate been submitted t o  Wright F i e l d  and Mr. 
Whits commented on the result: 

"we are interested mostly in thfs piece with the lugs. 
The first ehots were put on in the center. After mound ten 
shote there wae no ohange and so we started shooting closer. 
Then we started shooting actually at the lugs. This is a in- 
teresting one and the t e s t  cams out very well, Cold ro l l ed  
s t e e 1  wara u8ed. The armor plate it~elf is face hardened and 
i& tested an the face and the lugs just bend right over." 

With reference to spot mns~ling Mr, L m r r e  remrtrked: 
I1Th,~t was brought up with the purpoeo in mind of f lnt l ing 

out what could be dono for repnlrs or f o r  reworking, possibly 
changes always after the plata had beon mado OF ropairs Sn thc 
f i e l d ,  for some p q o s 0  such ns thnt, l h t r o  leaving it stpad 
right now until we f i n d  out if them i a  a real requirement for 
that * "  

Captain McInnes comrnontod on tho need for ro~iatnnee welding and pmbnble 
method of control of Its application8 

"1. Oertafn installntione nro punched full of holes af- 
f ecting plato rosistnnce, Besf er tance welding is an atsolute 
necessity. 

"2. Cortain ins tallntions require wry ~ 1 0 8 8  tolarwces.  
"3.. To keap under control, at present tho only g r o q  of 

qunlif ied manufacturers would bo those hero todqf ,  Approved 
l i s t  of mnufncturere under Ordnancb spocif i c ~ t i o s  is needed. 

"4, Specif f -tion is needed on resietmco wolding of 
armor plato, h t a  for tentative specif Scation can be had from 
results of t e s t s ,  

n5. Liot  of approved manufacturere of resistance walding 
i s  aoedea. W e  inspection the manufacturerls redponsibility." 

X t  was agreed that a check sample t o s t  plato about 181'x18" would 
be eatiafhetory Par the' th ihnsr  gaugea of armor t o  q w i f y  welding pro- 
cedure. 

Cap tain Mcf nnes remarked: 
'Define eisa of plate fop  weld  and shock t o s t  o f  weld i n  

tentative specifiention. After =nufactware submit test  aamplos 
t o  Watertown, there w i l l  be suff ic ient  dnta t o  approve t ee te r  
Have a qec i f  fcatfon and ap~roved l P s L  of m u f ~ ~ t u r e r s .  Than 
g e t  the approvod list in hands of A i r  Corps factory representn- 
tioe. Give8 Air Corps factory roprosentAtive some authority 
t o  back up stntemon6s." 

It wae further suggeetod by Captain Mdnnes that each t ype  of p#t en- 
tering into plane construction should ba qualified, Lt* &tthewe suggestad: 

"Our job w i l l  be t o  s e t  up a t e s t  which w i l l  simulate the 
most severe semice test. W e  that tough," 



Captain McInnes agreed that this idea i a  desirable and in the meantime each 
resistance welding equipment manufacturer should: 

"f f you can, contact the aircraft mn~dacturers t o  work 
out the problem. Refer any object ion t o  the Air Corps until 
approved list of specif i m t i o n  i a  mdo up." 

To which Mr. Lawnrrs replied: 
"Mo objection to contacting aircraft manufacturers. That 

w o u l d  be the simplest way t o  do it," 

Mr. Srnender pointed. o u t  the fabrication prob&m: 
"Anywhera you can aliminato tho tolerance you can f1.m~ 

cut. It is tho d r i l l i n g  of the holes right now t hn t  presents 
tho pro bl om. I,' 

Anathor problem is thnt of bul lo t  splash snd it was pointed out thnt 
al~uninwn aplcsh screens would be as eff oetive as stee l  scroens. C o r r o s i o n  
of spot welded joints ~ h o u l d  no t  be any grofitar than with riveted or bo l t ed  
j o t  nts. 

k j o r  COX commented: 
" P ~ a ~ ~ r a t i o n  09 tontativc ~3pocifi.cntion and submit i t  t o  

you 8s quickly as yoasible. Gz t communication back as quickly 
-2s ~ o a ~ i b l e .  W i l l  n o t  be l o n g  bafnre we have a working iLircct- 
ivo. " 

TO which Mrr T"Jia added: 
"Suggest t-ht f i r s t  move, in viou of apced with which, we 

hav6 t o  oporato, is t o  s e t  np some corrolatian between b d -  
l i s t i c  reaults, size ~f spnt, hardnoss o f  sact ,  astailed pro- 
ced~lra involved in m a k i n g  spnt wolds not of r?s immediate Im- 
portance as results. In order t o  do theso t h i -xe ,  WB neod 
some c o r r e l a t i o n  botween neno tration, sizo, nnd tensile s trangth 
of b o t h  tho  weld and the distancu with b ~ l l i s t i c  studiee." 

Mr, Warner pointed out: 
"We cou ld  f iqd cut  whet wo want t c  know on those plates 

-12" x 1211. Ballistic data and variations ~f b~rcEncspi through 
the plate. The genoral trend. How p1.atos vary chocks 'he 
goner~J idoa of how mn~y spots and whnt size spot noccs sary. I' 

Lt. 'Matthews swnmnrfssd the d.zta ao far  obtaihed at Watert~wn Areenal:  
''we have had positive ind ica t ion  tAht honoganaous ax 

face brdoned can b0 welded in eith-ex type joint, Tho problem 
is n o t  too  di f f i cu l t ,  Just  a meter ~f vzorkfng out dotai ls ,  
Much easier t o  get results with a larger spat. Mr. B s n k o r t '  s 
samples went through sat isfactori ly.  Mr. G i l l o t t e '  s smples 
of face hardoocd a11 fai led,  perhaps bec~use of t h e  smallor 
spn ts." 

@ It was sgrecd that ~ b u b e o n n i t t e a  r e p a r t  shculdbepreparedw Watortnvc 



Arsenal on the t e a t  data obtained thus far. The benefit o f  such a job 
was entphasized by Mr. B i l l e t t e :  

"That data should be correlated and then we would a l l  have 
an advantage and would p'roceed more .satisfactorily, muld not 
have t o  work o u t  our own." 

k j o r  Cox euggested testing a snaPler size of spot weld and proposed: 
"Mr. Wise and ks Xauntta could supply throe s e t a  of 

samples with three size spots and Mr, Benkert ane with spot 
f n between those supplieds" 

Magor Cox also suggested preheating, None of the  experimenters have 
tried it out, For spot welding tho scale on plato surface m u s t  be 
removed. Pickling is not permit t o 4  by the Air Corps accorafng t o  Mr. 
Braender . Sand blasting i s  objectione,ble according t o  Mr. Benkort 
because: 

*It deteriarntoa the metal. Unfit, unaruitabla under 
production," 

Mr. Turnbull briefly outlincd the aircraft fabricators problem: 
"Nary airplane is different; even in our own planes, we 

nre  unable t o  control it. Armor is F, her.vy item and n stop- 
chi ld as f,v R e  nircraft design is concerned. Affects Inter- 
changeaailfty such ns tho Air Corps ~ o q u i r o s ,  In fact, mount- 
ing brackets spot valdod onto a good b d l i s  tic plate nro the 
moot oncourerging sign in tho armor plate story. Would like t o  
go farther and bavo the holoe d r i l l e d  when it comes to us. 
Arroth~r p h ~ a e  - tre&tment given wmor plat0  prior t o  dolivery 
and poss ib i l i ty  of storago, If p l ~ t o  i a  i n  s tore8  long and 
exposed to salt nir ,  you w i l l  have plate  that is in fer ior , "  

It was pointed out timt the Navy haa been working on the corrosion 
problem for eome timo, 

Lt. Matthaws obsomod: 
"If we k v e  to retain 100% of tho bal l ist ic  limit o f  the plate, 

we can uso homogeneous armor in tho strap*" 

It was pointed out that attachment of brackots t o  tha armor is anothor 
problem t o  the A.A,F, Mr. Marchant conmonted on the dos irabi l i ty  of fur- 
ther fatigue t e s t  work: 

"When it f i r s t  began, tho wold d id  n o t  give strength c o w  
parative t o  plate, Looks better comparing results with results 
obtained wrth the bo l t s  and r ivets  replaced, We want tho b a s t  
weld we can get, If spot welding is as strong a8 the bolts and 
rivets then we must uae it@ I agree with Mr. IQarnor t o  the ex- 
tant that wa must not put too  much faith in the results of one 
Or ~ w Q  ~ o s ~ s * ~  

It was considered that a d d i t i o m l  f~tigue 'tests should ba carried on. 
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In oonnsctton w i t h  the proposed specif icat ion,  Lt. Matthews asked: 

""here is spot welding t o  be done? who 1s going t o  
do it?" 

On th is  point Major h x  commented: 
"It would be the r e ~ p o n s i b i l i t y  of the raanufacturer of 

armor, but there must be soneons who can carry burden of 
proofing this. The government, cannot take the rasponsibil ity 
o f  inspection o f  such plhte."  

And Captain McInpe~ added: 
"Could be compa~sd t o  smal assembly job. Prime con- 

tractor gotathe b i d  snd subcontracts bint is' responsible for  
the f i n d  assembly. There are 13 on approved l ist .  The air- 
craft  manufacturer is prime contractor. He su'bcontracte the 
armor plate, produced by tho mmor plato mnufacturor, I t  if3 
up to the armor p l ~ t e  contractor  t o  see that, i f  he g e t s  the 
weld, that it meet8 with the apecifieatfon." 

Since the problem of who is t o  do tho welding and who is t o  do the inspoc- 
t i o n  may be different for vehiclee than for airoraft, Cnptafn McInnos s q -  
gested: 

"Moy hnve to writs two epccifientions - one f o r  ~ i r c r a f t  
and one f o r  tanks, scout cars .  One i s  J y ~ t  as important as 
the other." 

With reference t o  parts of airoraft which are armor plated, Mr. Rwnbull 
remarked: 

 inou our particular typeof aircraft,  t h e r 0 n s e a b o u t 2 5  
t o  30 1 terns which the  A i r  Corps wants armor plr,ted. would 
anticipate thnt there w o u l d  be more spot walding in ~. i rp lnno  
than in scout car. Statement m d o  without any bnckground of 
exact do teil . " 

Major Cox obsez-vod: 
nIf wa attempt t o  write the specification arnund a i ~  

craft armor, we w i l l  f i n d  tha t  other specifications w i l l  bw 
almost the same, !Je do not  need two srpecificntions," 

To which M r r  Benkert added: 
"ff writton around aircraft, you get moro a c t i o n  than 

when you write I t  around combat cexs. The A i r  Cnrps is eager 
t n  attempt something. II t r i e d  out and found successful, others 
w i l l  f a l l  in l ine, '  

And Mr. Wise romrked: 
11 Ae t o  whether we should havo ono or two specif icntions. 

Design is tho o n l y  thing th.t will bo different between the 
two.  We want w h a t  w i l l  give tho best weld. Wa dont t know until 
we a r a  pret ty  woll do,%. For tile prosent time, wa b e l i e ~ o  the 
joint dosign 1s b o a t  and w i l l  concontrato on the weld." 



There was considerable discus9ion of w . h t  the proposed apecifica- 
t i o n  should cover and how g 0 n ~ ~ a l l y  it should be written. I t  was 
thought that a t e s t  plate lgUxlg' '  with a @pot welded attachment st 
each corner w o u l d  be satisfactory f o r  q u d  iff cation by a ballistic 
t es t .  

With regard t o  S P m i t  on spot a f z e  Major Cox suggested: 
"If you get the spot t o o  large, i t  becomes too so f t .  All 

we have t o  go by is what we have seen and tested. W t  want e 
spot about 7/811 not very much harder than the plate, 

For the attachment &t. Mntthaws suggested: 
"The 1y width, it seems, should be about tr ice  the diameter 

of t h e  spot. 

In discussion of size of c l i p  attachment, Major Cox obsemedi 
"We don' t w a n t  this plate t o  knock the b o l t s  off befora 

we f i n i a h  o u r  tests, Suppoao we get 1/2"hole and use 3/gn 
b o l t  or 7/16". Tab i s  about 1/2 the thicknees of plate. 
Muat s e t t l e  items of procedure. what shall we use as a start -  
ing point? I b t  .shall we s e t  f o r  the current, t h o ,  pressura?" 

To which Mr. W i s e  obgocted: 
''We dont t want t o  epocify those, Both th Army and Navy 

had oqorience in doing tht. The prosent trend is for  both 
not t o  specify procedure. Whnt thoy do is t o  say a spot is 
t o  have a certain dimtoter, r)tcml' 

With r ogazd to specifying minimum diamet or, Cnpf af n McInnols cornmantea: 
"Would rather not. The dimstar shdl  no t  vary more 

than plus or minus twenty o r  1 6  from sample submitted.') 

Thbra was soma objection that t h i s  Lolorance is not large enough. 
Mter discussion it m e  agrcod that1 

Tho armor plate size ~ v o u l d  be 1g"xlB1', f l t t o d  with a 
tab on each corner of a s p ~ ~ i f i c  material and, in general, o f  
a thickness equal to one-hdf  tho thickness of the armor. 
The length of the tab and the overlnp were t o  be specified 
so that the moment on the spot wold as t h e  plfite waa supported 
f o r  b ~ l l i s t i e  t e s t  would be constant, 



The. sotrenth meeting o f  the Subc~mi t t o e  was held in Detroit  on 1 
March 1942 at the S t e t l a x  Kotcl with l l 9  pmgons in nttendaace rop- 

Fehr icato ra 
Armor Produaers 

' 29 
10 

Electrode ld'anufnc turars 
Ordnance Department 

23 
27 

h e s t e  30 

This meeting was arranged by IhfnJor Cox, Subcornit tec Chairman, A c t i q  
Director of tiza Laboratory, Watertown Arsonal. Ihjor Cox opened the 
meeting with tho following rema~kel 

"I  am no* going to t&a up any t i m ~  with any ranarks of 
my own. f wish merely t o  reitsrate that a t  theno meetings we 
direus8 thinga that wo don1 t want unauthorizqd persona t o  hoar* 
Ws can fee l  f ree  t o  discuss things mosgst oursolvos. We want 
to assure oursalvos that thora is no unauthorisod persoh in the 
roon, mil I think wo W e  done t h t ,  so you c m  feel  that you 
R ~ O  among friends and you m n  discuss your informat ion as free- 
ly a. you w i l l .  VQ are going t o  handlo the distr ibut ion of  the 
minutes of this  n~cjting undor a confidential '  covor, Tho rz~ture 
of this meet ing  is, of coursa, highly restricted. Just w h a t  cnt-  
egory it w i l l  be put in in correspondence, atad so on, we w i l l  &a- 
cide later,  but m HO discus~ed at the last meoting, we want to 
consider oursolvds in a roon whoro wo cnn disazss all of our con- 
fidential i n f o m . t i o n  that pertain8 t o  tho wclding of armor. 

"1 want t o  annpunce at this tine that s i n c ~  our last meet- 
ing Mr, McDnwall has boen appointed Chairmn of tho Amor F'hbrica- 
tors1 Subgroup, and, iaeidentdly,  thorb i s  n change in the dosig- 
nation of that Subgroup. The Armor Fnbricatars' Subgroup 1s tho 
preeont dosigantfqn. 'I 

The questi~n of supply of alloys for s t o o l  mking was nnw being given con- 
sidarable .attention by govornrmnt ogencies and Mr. !Jhitney n f  the Wsx 
Frnduction Board diacussad tho outlook for Lallotf suppLv at length. Tho 
meeting was s tar ted  of f  w i t h  this discuesihn by Mr. m i t n e y  na given i n  
the fol lcwing oxtracta: 

"Gentlemon, tho situatinn in rogard t o  a l l  o f  t h e  &lays 
is very aorious, bacause ve are r,uking nore d l o y  steel than 
any of ud evor thought wuld be mdo, WD hnvo an i n s t u l e d ,  
operating, producing electric f urnnca cnpaoity of three and a 
half million tons a year right now. By the end of 1942 that 
w i l l  be up t o  f i v e  million, Rnd tho tntal allay s tee l ,  bath  basic 
open hearth, acid.  open hensth, and eloctric furnace, by the end 
o f  1942 w i l l  bo ennmrhere betweon t h i r t e e n  p.n4 fnurtean m i l l i o n  
tons, if we me t o  praduca the a l loy  steels necessary f o r  the 



V i c t o r y  Program. Now these steels  can be produced with the alloys 
available, but we have two problems: One i s  habit and previoua 
practice. 8ow t o  ask one of the s t e e l  companies making armor 
plate, who have developed a procesa for  making that armor plate, 
using, we'll say, 3-112% nickel, 1.70 chromium, nnd that armor 
continually pnssae a l l  the ballistic tes ta ,  you wauSd naturally 
not expeet him t o  change his practice unless there was some very 
good reason f a r  changing. 

"There is a very good reason for chnnging. We've g o t  t o  
change, because we cannot produce 1,700,000 tona of ingots for 
ro l led  armor with 3.5% nickel, j Q s t  because the nickel doesn't 
sxis t ,  either i n  the form of  ecrap or primary product. And we 
can't go on running looae with the chromium situation, because 
even though our stockpile is in good chapo, practically a l l  of 
o u r  chromium, u n t i l  we develop ,our domestic deposits, has to 
come in on bottoms. Today tho great problpm is ships, both for 
sending our troops m a  m t e r i a l  out o f  the country, and f o r  b r i w  
ing r a w  rmterials back into the country. If wo hrad the ships, 
we wouldn' t have the problem. Without .the ships, i t  is .a magor 
problem. 

"So, l e t ' s  all call  problem ono the speci f fcat ion,  those 
fo r  ateel ,  wherein the Army m d  Navy specify the awlys le ,  or 
some other spec i f i cat ion  l a  used wherein the analysis is speci- 
fied. l ie estimate that by just changing those specifications, 
the work don0 by tho Subcommittee of the Iron and Steel Insti- 
tute ,  the Alloy Subcornmitt ee under the chairmanship of John 
Mitchell o f  Carnegie-;[llinois, indiwted that with t h t  ohange, 
in tho tonnage required, tho 1942 tonaage, that we can save 
47. @ Bat tons of nickel--that I s  7,940,000 pounds a month-- 
and owr t o t a l  encome i s  only 12,000,000. We caa save 24,210 
set tons o f  chronWn, 218 net tone of vanadium, Now when ws 
change habit and practice, which i8 an industry problem-and 
that means armor plate ,  B.P. shot--on dl the steel which the 
Arnpt and Navy buy on the baa i s  of b a l l i s t i c  properties, we 8s- 
timate that 69,000 tona of nickel, 39,300 tons of chromium, 1,690 
tons of vanadium, 2, b0 tons o f  tungsten will be saved in ec year+ 

'IVe need 22,IlOO tons of manganege. ThAt is J u s t  n very  
s m l l  percentage of the t o t a l  manganese consumed in the production 
of steel, T h a t  doesn' t worry us. We've gat a good stockplls of 
mahganeso, but we must maintain the bottoms to g e t  that in .  We've 
g n t  to seo that it gets here. Molybdenum, we need approximately 
b00,000 tons more* We have it, but we cm' t go b g  w i l d  on the 
use o f  molybdenum, either.  Then we figure from Great Lakes Steel,  
RM other practice, particularly German practice, going back as 
far as 1915 and 1916, that kfrconium is a most useful element, 
aria t h ~ t  with i t  we mw be  able t o  eliminate a great deal of 
vanadium and cut down our nickel and chromium content, and the 
zircnnfum Ps available, with 50% more in Brnzfl, We're going t o  
have that shipped in a t  the rate o f  2,000 tona a month, displacing 
manFanese, until we get a sufficient stockpile. 

'Then we'll need on o u r  plan now of using less vanadium tool  



steel, we will hawe to increase the mount of tungstsn used in 
t o o l  steel, and the on l y  way we a r e  going t o  gee Bhe tungsten 
f o r  tool steel I s  take it out of the noses of the armor-piercing 
srhot, and I have just enough Carifiderne in the mea who have been 
heat t r e a t i n g  steel, p a r t f e u l v l y  the automotive indw try and makers 
of accessories for the automotive industry, that this armor-piercisg 
shot  can be produced, with the proper kind of water quench, using a 
great deal less  nl loy,  

"1 have R very great f e o l f n g ,  alsop that R l o t  of the in- 
form~tion we are publiabihg in some of our technical magazines 
might be very help$ul t o  the o n w ,  and 1 think we've got t o .  watch 
t h a t  and 'be cmeful. What we akd doing t o  e w e  alloys and the 
kind of steels we are going t o  produae--1 think thnt  Adolph and 
his boys would like t o  have that very much, and I don' t think 
we ought t o  l e t  him get  it  if wo c&n stop it. 

"Manganese shows a stockpile--and thia is not  orb, this f s 
mangaaese contained--we have a stockpile of about g50,000 tons, 
and revert from wrap ambuntato only about 10,000 tone. That is 
all you get  back from safhp. Now domestic production and revert 
from scmp amounts to only 100,000 tona. 811 tho rest is inr 
ported. Ye hope t o  get 500,000 tons in this year, but there a- 
gain, that is problematical, Bnd if we don't get it in, down 
goes our artockpile, The t o t &  manganese ostimted far our whole 
allay program this year on thie b r t ,  some of the schedules 
were n o t  in, so no could not  estimte exactly, but I believe 
about 100,000 tons of mmgaaso w i l l  fill o u r  alloy program, 
even wi th the increaeed amount of wganeee-molybdenum steels 
used, and all the r e s t  of  the manganese goes i n t o  ordinmy czr- 
bon steel. 

"Nickel-is next on the list. Our stockpile is very small 
--10,000 tons. Revert from S C F ~ ~ ,  we estimate at about 75,000 
tona; new, from knnda, 12,000,000 pounds month, Now if we 
continue o u t  present practices, with the present specifications,  
the present use of stainless containing nickel-weld roda, and so 
forth--we would uso in 1942, 200,OQO tow of nickel. #hen you 
look at  this chart, you'll see that there m o  only 190,000 and 
we've gct to have a n  additiond 10,000 tons t o  n&e the steal 
thnt  were not in the schedules when th is  report was  rmde up, and 
all the  nickel  aVnllable fmm all sources, maxinun, is 140,000 
tons th ia  year. So, wouve just got a nice little shortage of 
60,000 tons of nf &el. That's a good many milling pounds, In 
other words, thero is a denand of three pounds of nickel whero 
o n l y  two pounds o r i s t .  So there arena t ariy if e and buts qbyt 
it; o u r  practices and o y .  specifications must be changed. 

"Chronivu&.-the chrorhium contained in the a t o c b i l e  is np- 
proximntoly 170,000 tons, Revert fron scrcp, in eleotric  fur- 
naces, w e  figure is 40,000 tons: domstic production, b , ~ 0  
tons. T h a t t a  80,000 tons,  t o t e 3  tncone, a1 wain depending on 
bo t t o n s ,  and n o s t  of it, nind you, comes fron Africa and the &st 
and Twkoy. It ie hoped we'll get in about 120,000 tons th$8 year. 

@ If va continue our present practices and speelficatiana. t h i a  year 
would be well over 200,000 tons  of chroniun. Now there, again, 
we've Just simply got to change our habits and ow specifications. 



"Molybdenum-cur stockpile, in spite of all that we shipped 
to the boys that we are now fighting, is 13,000 tans, &vert 
f r o m  ecrap is estimated at 9,000 and I think as the rn~lybdenum 
in steel increases that we are going to find tha t  our revert 
from  asap is better  than nine, I think i t  will be about eleven 
in 1942. And now, the best we can hops f o r  is about 37,000 tons 
production, and that includes the molybdenum from Cheno Copper 
and from U t a h  Copper; and of course, as the copner output in- 
creases f r o m  thoae ninea in which molybdenum is a by-product, we 
get an increase there, but from d.1 sources, we figure about 
37,000 tons this yoar, The demand is going to be approximately 
35,000, so we are right up t o  our production, and we tmn" t be 
able t o  go over that. IJe should not oxceofi 37,000 tons t o t a l  
consrrmption of molybdenum from all sources in tho next two poars, 
bae~use it will be longer than t h t  before we g o t  a32 incranse in 
praductf on* 

''Vanrrdiw1~4~0 pourids aro demanded where only one pound 
exists. Wo would like to use npnroximntely 12,000,000 pounds, 
and we hcve 0 4 y  six, Tlmt means that vanadium h 6  go t  to be 
taken out of evexything tkt we can possibly thke it out of, and 
ono of the plnces wh~re we cer '  t take it out of is guns. As you 
w e l l  know, if you take the vanadium out  of tho gun s t a d ,  youtve 
got t o  have three times as mmy annealing pits ,  find the time, 
according to  Mr. I P B F S O ~ ~  for whom I hnve a vary high regard, i e  
approximately 36 hours ennealing time without the vamdium, and 
12 houra with it, an8 he says,  !&ere rn T going t o  get the p i t s ? '  
I t o l d  him, I don1 t know', because he has g ~ t  errory s q w a  inch 
of apace occupied thoro now, nnd th;..trs about the same with every- 
body, So we dantt  want to tnke vawdlm out of  guns. We hope, 
find we belime,  WQ can take it ouS of tho gun mounts, with tho 
stress reliovad, Vanadium high tons110 steol is now specifiedlr 

"Ttqston--we have a stockpile of about 2,000 ton8, WB 
figure revert from scrnp at about Qr500 tons; domestic produc- 
t i on  at about 5,000 tons, which is increasing; and imported a t  
about 6,000 tons, Tho ceiling which tho tungsten people h v o  
set Warn this ye- is 15,000 tans,  from all souxcesf that is, 
what was used out of t ho  stockpile, revert from scr~p, domostPc 
and imported. And so, we've g o t  t o  watch our tungsten. 

"In other words, wa'vo got to watch everything, to get 
bnck,to my original statement, because we are mdclng more alloy 
steel  than we ever thought would be mhde, an& if thfe war lasts 
another yo- and a half, aa we think i t  is, 20$ of al l  the steol  
mde in the United States is going to be al loy  steel.  To get up 
t o  s b i l l i o n  tons rs year, ws a r e  going to slake twenty milJion tons 
of alloy. T h a t  5s what we1 re heading for. No one hRd any real- 
ization of it; no one would bolfove it,  but that is the s i t w t i o n ,  

'But on our constructional alloys, tho proof that these 
national emergency ateols, for instance, tho low chrane-nickel- 
moly is as s o d  ae the 4100 soriee. I don't think it is going t o  
be difficult t o  prove. I think you w i l l  find it w i l l  wold more 
easily: you w P l l  haw much bettar low teqerntwe imp~ct; properties. 



d e m 8 ?  ' * #  

I t  w l l l  be a very stlperior steel in evory way, Now we have. 
i n  tho steol nil15 today, 150,000 tons o f  scrap available f o r  
th i s  chromwnicko?.-nolybdenum melt. It's all got chrome in f t; 
i t ' s  a11 got nick01 in it; f t l s  all got  mlybdenun. And that 
scrap is of n? uso t o  mke a straight nickol s t e e l  o r  a etrnight 
chromo ste31,  ualoss you disregccrd the other elements. 

"Now arb a oast  tnnk -nor, wa proposo to  t&o all of tho 
nickel out of it, u s o  no nickal at dl, etnd roduC8 the chronim 
t o  1$ instead of an average of 2.5$, and k e q  o u r  molybdenum 
around .45 and take al l  of the vmadiulp out  of it. N01q two or 
three of tho biggost campmiee have been -lag m a t  armor t o  
thnso speci f icat ions ,  and if they a m  do it, it seons perfect- 
l y  reasonable to beliesvo that o t h r s  cafi do it. T b r o  we can 
make n very big saving on tho oast tank arnnr & 5 0 i ~ ~ r  With &I1 
cast armor we can save 30,000 tans of nickel nnd 18,000 tons of 
chronium. We egtinate a t o t a l  ni rough castings, including 
gates and eveqrthing, of 1,200,000 tons t o  be nada in 1942 of 
the cast tat& armor; rol led thnk armor for al l  purposes, 1,700,- 
000 tons nf i n g o t s *  Now we sro reduoing the nickal from.3-112 
t o  1, the c h ~ m i u m  from 1.5 t o  ,60, ma kcrapi~g the mlybdanun 
at abfiut mn average of .20--no ~anadium, With that progran, 
if industry does w b t  I think they can do, we oan save 39,000 
tnac of nfckal mil about 15,000 tans nf chromium and about 
17,000 tone of molybdenum. 

"The Naval bolt mmar wc don1 t prbpnse t o  touch at all. 
To t e e  that 16- or lg-inch armor and build ug the side nf a 
ship and shoot at it with 16-inch guns io a pretty major t e s t  
program. The tomm&s i a  not noaxly ns groat aa tho tank mmr, 
and I have no inclination, for ano, t o  touch it or nonkoy with 
i t r  But instead of having tho 20 ta, say, 25,000 tons of scrap 
in Homestoad t n  go back in to  the open hearths, with 1.5 clwome 
in dt+ and h v e  all the chmno go up the flue, we propose tr) 
taka that scrc~p from Homestend m d ' u s c  that in all the electric 
furmcos and acid open hearths making tank arm?, dilute i t  ddwn 
with hot nets1 and sftve that chfroniun, and give Homoa tead the 
primary nick01 and hopo t h t  they w i l l  learn t o  a d  the chroniwa 
in tho ladle and not  t r ~ ~ t e  na mueh ns they do at praeant, and 
get a l l  of the alckal and chranim out of that scrap ̂by using 
i t  in electriu furaacee inatead of throwing i t  back i n  tho open 
hearth, A vow big saving can bo made thoro," 

Mr. Whitaoy roforrod to the steals usred fnr bewings, enginee, s n s  
and pro j o c t i l o a  indicatiiy: p ~ e s i b i l i t i e s  of composition c h w a s  to oon- 
earve alloys. As fnr hich speed tool steals the limits which w i l l  doter- 
mine conpnsit ion used tlro vhnadiw supply and harmer cogginl: capacity. 

With reference to stainleda s t o o l ,  Mr. Whitnoy cnntinuadr 
I1Now tho stainlosa is vary n d o g o u a  t n  t o o l  s t eo l ,  a d  

there again ws tho hmmor co&gin& which soems to  bo absolute- 
ly necessary nn the 25/20 rod; not  neosssary nn the 18/8 nr the 18/g 
mad.ifiad, The t h i x  I want to impress on you men here tom is tho 



necessity f o r  doing th i s .  Na one is asking you t o  do i t  just 
t o  be arbitrary, We're faced with a s i t ~ t i o n  and we must meet 
it. I think that you w i l l  fin?+ you can weld with the 18/& 
modified, and with the new analysis of the armor, perhaps you 
can u s g  a f e r r i t i c  rod, We can' t ask you t o  prove that until 
we prove we can n&e the armor. Then i f  the armor with a low 
alloy analysis c m  be welded with f e r r i t f c  rod, l e t ' s  go on i t! 
Save every Gound a f  chrome, every pound of nicke l  that you can. 
We are hoping thtt tho Bavy, on the deck armor, can g e t  nwag 
from the 25/20. if we are going to get  our a r m s  to the Philip- 
pines, get our guns produced, g e t  o u r  tanks produc~d, get  our 
ailrcraf t produced, g o t  our mummiti on produced, we've got t o  do 
the job. The t d s  have got to come off the l i n e ,  and nothing 
must be dono t o  interfere with production." 

Sibce t h i s  discussion by Mr. Whitnoy was the f irst  detafled informal 
s t o r y  of tho general situation on alloys for s t o o l  making presented to the 
Subcommittee, his efforts were recoived with prolonged applauee in appreci- 
a t ion .  h n y  rwnors had boen floating around, but now thoso who woro present 
appeared grateful for bving  been informed of the actual situation. 

After cautioning the assembly as t o  the confidentid nature of the data 
disclosed by Mr. Whitney, bwor Cox request~d Mr. Brhoker for a report on 
the meeting of t h g  Electrode Group, which had boen held the previousl by. 

Mr. Brooker r epor ted  that: 
"Thirty-six individuals representing gk manufacturers and 

fabricators opened the i r  discussion with the relative merits 
of manganese ail moly for the modified 18/8 electrodes. It ap- 
pears that due t o  the change i n  armor plate and duo t o  nther 
difficulties beyond their  contro l ,  the program is no t  canclusive, 
Hnwevei, it i s  generally agreed that the rno1,ybdenum modification 
gave l ess  cracking, with a cqpper back-up bar, than the mnganoso 
modification. The electrode apecif i ce t ian  previously wbrked out 
by t h i s  group has now been further perfected ~ n d  was approved 
for submission t a  the  American Welding Society and the American 
Snciety for Testing Matorials Committee, who are expected t o  re- 
lease it in the near future. This is not for Arw use only. You 
w i l l  f ind  in this speuif i c a t i on  reference t o  25/20 electrodes. 
The weldabi l i ty  apecif i c a t i o n  far =nor which was developad some 
time ago and placed bodily into our c a a t  md rollod armor speci- 
f i c ~ t i o n a  was a little half-cocked, and we now have 8 rev is ion  
of that, wh5ch f don' t believe you will have much Bisagreemant 
on. I t  will bo submitted to the rolled armor m d  cast armor 
people. 

"A manual for inspection of welded vehicles -hs beon pre- 
pared, porhaps a little l a t e ,  becauso w e  already have inspectors 
in training. Of course, we will b v e  mqy more, That  m n u d  
w i l l  be turned over t o  tho Ordmnco Inspection Stnff within two 
weeks. 



"The Field Selvice 'Division sf the Ordnance Department 
asked us for instructions t o  cover welding of materiel in tho 
f i a ld ,  They were given certain instructions on s f & *st  
notice  and now have a more lengthy m a n u 1  b v ~ i l e h l e  f o r  thm, ' 

prepared by tho Bloctrade Group, which they cRn circulate t o  
the f i e ld ,  Copies of t h i s  manual m e  already i n  ths h n d n  o f  
the mectrodo & r o q  for further revision, if t h t  $ 8  neoess&y. 

"Specificntion US-497, for the weldfng of armor, which 
b s  not been revised far same t h e ,  is now in ravisad form, 
1 dono t have enough copies hero t o  give to merYyone, but t o  
those who don1 t have them, we cart send copies .  WSth8bjor 
CoxP a permfssi~n, f Id like to pass out w k ' t  we have, before the 
day is over, and rsqueet th.t you sefid comments t o  the Ordnance 
Offf ce within a week n f t e ~  receiving these quallf icnltfons. You 
w i l l  find in this revised verdian of the specificstfan that the 
sect ion on b d l i s t i ~  tes2ling hasa been crossed out. Tha o l d  
wording is still there, but ploaae disregard it. Tho s t n t o  of 
bal l i s t fc  tasting is stifl  tit farm t h t  we e a n o t  put down in 
blRck a d  whits. Howtaver, I think thoso who h v s  been with us 
dlosoly know thst some of the rubber, most of it, has been taken 
out of the ynrd~tick, YOU w i l l  also note t b t  the qralification 
of weldere hns been chmged. There f ormePly there was rn official 
quali f ic~lt ion,  it i s  now worded so as t o  be a contractor's res- 
po-fbi l i  t ~ ,  

"we have had requests by t h d  thousad f o r  these US-l forms. 
You're nppmently using them for f i l l i ng ;  your files, f a r  duplicate 
copies f b r  informing Tom, Pick allrL w r y  of w b t  gnu are doing* 
Fnr Heattenls aake, please doxlf t do th$, but make copies of the 
data if you wish. ThRt paper is transpmant. If you follow the 
instructions given for those f orma, you w i l l  use one foro f a r  
each welded plate,  One distrtct requested 5,000 forms, I don' t 
think thoylre going t o  weld 5,000 plstee. Orne hundred per cent 
rag paper is necessary for the job, and we can4t get  it, so plcsso 
be r easonable, 

"Anticipating; the shortage of chroaiu@ m a  nickel, the Ord- 
nance Departnent has sent teletypes t o  all distrf cts, requss ting 
that the use of 25/20 electrodes be discontinued, and that tho 
modifieg 18/$ types be used as soon as po9aible. T h ~ t  means, 
of collrae, that those of you who are using the 25/20 and who 
hnve stocks of it can't be expected t o  c-e aver night,  but ae 
Mr. Whitney ha8 suggaated, please tly to corns around. fn order 
t o  anticipate tho shortage of 18/8, the Ordnance Pepartnent has 
set  up progrm with A. 0, Saith and Harnfschfeger, and Metal 
and Thormit, t b  inmodiatoly begin a shntgun program t o  develop 
information on ferritic electrones. That ie worked out in some 
detail. Those throe people w i l l  g e t  plates immediately and will 
a tart welding inmediat ely-I' 

Mr. McDnwell reportod on a meeting of the Armor Fabricatn~s G r o q  held 
the previous bay: 

nWe Tound that the majority of the fabricators a r e  using 



the double "Vn joint, with either the 45' or tho 609 included 
angle, using a coppar backing, dnd from 1/4" to 3/g" root open- 
. Wo found o u t  that tho mnjority of the f~bricators p m f e r  
tho molybdenum mod59 .led l&/Ef electrode, from the standpoint 
that b a l l i s t i c  rosults tend to  show slightly h o t t s r  results, 
nnd they concluded thnt they hnvo slightly loss trouble in the 
actwl welding process. Another point thnt wae brought out was 
thnt in tho wolaing of these joints, bettor ballistic results 
b v e  beon obtained whcn R lmge  number of smnll ber,ds have been 
used to  moPro the joint, r ~ t h o r  than R fewer number uf larger 
beads, and it was also the conaeneus of opinion that high weld- 
ing currents nre not  s n t i s f ~ c t o r y  for producing thr? best quality 
welds, The weldf ng currents a b u l d  be held in the normal r-o. 

'Soma work is nlso being dona on the study o f  tho flnmo 
gouging of  the mild s tae l  root strip fn the type of Joint in 
which this strip is being used, ,and also Rddltional reeewch work 
and teat plateel are boing prepmod on the uao of tho monel strip 
in the root joint. Bo &itionnl progr0~3n was reported by any 
o f  the fabrimtars who me ueing or experimenting with the 
Unionmelt procesar However, i n  tho multipla bend automatic 
welding, one fabricfitor bas welded several t e s t  plates thRt 
have assod the b a l l i e t i c  test .  

'~hara ma a l s o  considerable disoussion on bnllistfc t e s t s .  
T h a t  is one of the topics th* comes up nt every meeting, and 
8 resolution wp.8 drawn up, t o  30 proeantod t o  tho Subcommfttea 
and f w i l l  road it as i-t was d m w n  at o u r  meeting: 

" 'The Fabricntorsl Subgroup recommends that tho 
Ordmmue Department a t m d ~ r d f  ae armor plate testing 
procedure, t o  this end: That rese,arch on welding 
techhiquos should be carried out on 1-112'' plate of 
the eeveral compositions, and b d l i e t i c  teeting 
should be done at a teqperature of 70°F. by n standard 
procedure including three 75 nn, flat nosod, 15-lb. 
ro l l ed  steel test  slugs at 1200 foet per s e ~ o n d  vel- 
ocity, In arder to devolop this prnceduro, cweful 
study should be mde of t h e  75 mm, gun nnd mom+, the 
in ter ior  an4 sxtorior ballistics of the piece and m- 
munition, t h o  range at which the t e s t  firing is  done, 
and other rclevant features of the ffring, in such mw 
ner as t o  provide for placing impacts i n  the Resired 
locntions and i n  the desirofl manner. The sufigosted SO- 
quence of impnct is ,  first impact to canter 6" nbove 
the center of the crossbnr of the 'HI, nnd in the ten- 
ter crosswise; the second tinpact t n  center 6" bolnw 
tho crosslbnr of tho 'H', anfl in tho center croeswise; 
hn4 tho third impact to be in the centm of the cross- 
bar. ' 

"Thoro was d e o  consinernble discussion as t o  how tho welded j o i n t  
w i l l  stand up undm impact unilor l a w  temperature, m d  in this ro- 
gard tho followi-rig recommanctatinn was drawn: 

"'That n st* o f  effects of temparnture upon bnJ- 
l istics of welilad t e s t  plates bo mdo immediately, 



The firing is t o  bo carried out at plus 180°F, 
plus 70°F., rznd mfrmg 60°F. The plR.,tesi Ftre to 
bo g8Ifx36"-1 f 2 " ,  and ahauld originate from tho 
s a o  h a t ,  ehould bb welded by one fabrimto? 
under strictly identical. con~!itionse The firing 
should be ctmried out in stnndard aequencc of  
loea t fons  aad ~elocity.'~ 

sin& the development work out l ined by Mr. McDoweXL involves bomageneoue 
armor plnte primartly, Mr. B. J. Smith of Marman-Herrington Campmy mado 
a fow comments on the actitri ty of the Armr Fabricators Oroup; 

"Mr. Chairman, I would 13ke to comont oh tho report of 
Mr. McDowell. I appreciate very much ths p s i t i o n  o f  the Re- 
search Subgrow in setting up n, stmir.,ardizod test on bnZlisticsl 
but again we f ind  ourselves in a pos i t ion  of being the fringe 
gPoup. While you are se t t i ng  up stnndardized tests, why not 
f ncludo everybody ib t hi a s tandardi zfit ion. 1% fire working with 
plate somewhere in the twilight zone, below one inch, and if 
happens t o  be face-hnrdened plnte, and none of t h ~  standardized 
tests ,  as set  up, could even ramotely apply t o  the particular 
problem that we ,have. This a l s o  is true, not onv of ourselves, 
but of people like Diebold, people like the Breeze C o q m r a t i o a ,  
people l ike  Cbvrolet. There aro seve- others, Now issofar 
ae the ballistic qsc i f i$at ion  i t a o l f  is eoncsrned, ag t o  where 
you are  going t o  fSre th i s  projectile on the plate,  again I 
fins q s e l f  in the positibn of straddling the fenoa--being on 
the side of the Orhaboe Department as well as on the side of 
the f ~ b r i c a t a r e ,  For the l i f g  of me, 1 don't know how you Ere 
going t o  f i r e  k plate l i k e  that. The p t e n t  irrpodsibility nf 
placing a shot at a specified p a i n t  on EL oertnin plate in a 
sequence of ordor such ae  mentioned--well, it just hasn't been 
dono y e t  t o  r$s knowledgo. Iant t f t better tn a l l o w  anme kind 
o f  a rubber yardstick, if you will, but a more adaquata inter- 
pretation nf this rubber yardstick resulte ."  

Lt. Reen replied as f o l l o w s :  
'In reeard t o  Mr. Smith's f irst  remark on his need, it f s  

indeed unfortunate that tre i t onb t  have, in my opinion, the proper 
prcljeCtiles for t esting his plate, We havo maflo a lot of t es ts ,  
w i t h  nur rubber yardstick and o w  poor  shnnting, and those who 
have deened i t  advisable t o  try enough tasts t o  get swfficisnt 
CZRta tn Araw a fleaent conclusion h v a  drawn t h t  conclusinn, and 
haven1 t gone f ~ x  a f i e l d .  We f i-o that in four plhtea wa might 
bo able to place tho shots atdficiontly closo t~ the welds t o  
prove whather or no t  the wolding is adequate, Now I r-1 ze that 
four plates, f r an  every nan who is go ing  to  qualify, is f l i n g  to 
be mcre armor p l a t e  thslsl ,anyono wanteta use, Hnwever, that is 
the systen that the General Mntors grow have used, an4 I think 
they h v o  gottea a lot of informtion out of it. 



"In reghrd t o  t he  shooting, we'know i t i s  not accurate, 
and we have known f t ' e  not nccurnte for  ri long time. We've 
found th8t certain guns will shoot better than other guns; 
certain people will shoot better  than o the r  poople; rind we 
hnve three different ranges with three different  craws--three 
differen* accuracies, throe different techniques, md throe 
differont rosults. However, we don1 t think t h t  one 36x36 
plnts, 1-112" thick, i s  conclusive. Tha testing of that 
plate i s  not ~onclus ivo ,  a d  considering all tho variP.ble8, 
I think that if wo have 3 o r  4 plates from enah nvan Who wants 
to know whethor or not his  tanks aro going to fall apart, wo 
will ba nbLo to  find out. 

"Now f don! t h o w  what  to do with thin f ace-hrdoned plate.  
Our problem is that vo sho'ot ~ d h z z t  YIB ~OCBIVB, md we haven't 
Peceived an f iwful  lot. Most of thc  poopls, like the Breeze 
Corporation, Diebold, and Mnmoa-Horrington, .hive r?. rmge of 
t he i r  own, a d  thay ,kvo been doing things for years that I m 
j u s t  beginning .to f i n d  out stbout. Wo hnveai t shot over 10 
t h i n  faca-hardenad platoa below 1"-well, say below 3/411, ~t 
Aberdeen. " 
Some 3/16" face-hmdoned plntc had beon fired at Abordoon Proving: 

Ground for Braoao Corporation, but t h t  m s  for penetrntion only, not 
f o r  shock. 

Mr. Waterbury of Chovrolot tommentod; 
"Mr. Brooker has a l r o n e  ment i o n ~ d  that tho speaif icatlons 

rovising the AX6497 nro in th mking. Wo hr,senlt seen thoso, 
but wa do f e e l  that your progrnm is rhthor indof9nite. Per- 
haps that d s o  oxpressas Mr. Smith1 r~ feelings. Wo would like 
t o  have some thought given on that, nnkfng i t  nore definite. 
,Of course, the only ww we could do th-t i s  to hprro more In- 
formation, and thnt is being d c ~ o l o p o d  quite rmpidly, as t o  
w-hat wo can do md w h t  w a  can't do. I think that perhaps 'in 
conjunction with ordnance testing, with tho knowladgo o f  tho 
v~,rious groups thnt are worlcing on faco-hivilctnnd armor, We 
could arrive at a fairly sat isfactory spocificntion, if you 
please, on what o m  bo Anne, porhps comercfally, which would 
permit t h e  mnnuf ncture of those vahiclea i n  r e l a t  ivaly large 
quantities thht will &ire e~tisf~ctnry service in tho f i e l d . "  

Mr. Komarnitslg. obsorvod: 
"I understand t h t  t h i s  test is just to develop n cartnin 

yardstick to bo applied v ~ r y  quickly an that the fiecisinn can 
be rehched inspection whethor the nothods usee. in E given 
plant  R ~ O  satisfnctnq- o r  not .  fV3 ncvor look at it f r o n  tk.t 
stendpoint whhtsoovort In our t ests wo did  dovelnpmcnt shnct- 
ing, T h a t  is an ontiroly di f fe ren t  procoduro. Twa or threo 
 test^ with a heavier projectile w i l l  give you quick results, 
undoubtedly, but how to i n tomre t  thorn, I doni t knnw. I think 



that the problem confroptiag us getting i n to  thie f i e l d  i e  
one of a different nature, namely, we have t o  develop some 
kind of a test which we can control and interpret. For in- 
stance, we found that wlth thin plates, l i k e  114" and 3/8"  
and l/Z1', shooting with the b a l l  anmusftion, with cantrolled 
bursts and controlled velocities, gives you more data for  
modification of procedure than standard bursts, namely, armorr 
piercing ammunition, 25-round bursts. 1 really don't bow 
how it would bs possible t o  develop a quick yardstick f o r  
thin plates, d 8 s o  you revert to the same rbther tedious 
procedure l ike  we are doing," 

Mr. B. 3 4  Smith suggested the formation of a special group on face- 
hardened armor: 

"The one thought occurs t o  rno that perhaps I m @eking 
for something that can't well be done by the present Reeeaxch 
Group, and I ' d  like t o  d o  a suggestion that a separate group 
ba s e t  up io study the problams of the facs-hardened welding 
group, nnd let's s v ,  set  up their own spccificntiona. we 
seem fortutmtely t o  be favoped with equipment t o  make tests 
t a  determine proceduras within t h i s  grow, Would i t  b~ o u t  
of 1ino that such a sepmato g r o q  be se t  up t o  make such t o s t s  
and establish that procedure? " 

A comment m a  offered by Mr. Abbott: 
"We have run a numbar of t 8 ~ t s  and, we find t h t  all speci- 

fications, that have been put out in tho f i e l d  up to date, t h ~ t  
we could not moot the ba l l i ek i c  requiremsnte, so wo h v e  dev- 
eloped one type of joint  which we have admitted t o  A'bordaen 
as more of tur alternate, t o  got byl an4 sce whether or not our 
type of armor plEte which we nr8 conoontratig~ on, gauges of 
1/211 or loss can bo wolded in tho building ox manufacturing of 
scout cnrs, and we have made some progress along thosre llaes. 
We bRve been sending aome bolted type plll'tes far ~ 0 r a p ~ ~ r ~ e t ~ ~  
tests,  80 6s t o  got approml on the type of w ~ l d e d  construc- 
t ion that we have sent d m .  Now I f e e l  somewhat like Mr. 
Smith does, thht if we get togother, we will produce the best 
typo of welded joint t h t  we know how t o  produce, ss of t o  dnte, 
and bca use that as a e t ~ r t i n g  point. WB aan improve on thnt 
joint from time t o  time, ~.nd wo can raise o u r  spo.cificertions as 
we did fa the oase of faae-hardened armor plate .  You remember 
5 o r  6 yaare ago w e  s tar ted  with certnin ballistic rsquirementts 
oq face-hrdonsd, and thnt was rrtfsod as improve~sent was made 
on the plate. I think that is not only the best, bat about the 
only proper wrg t o  handle the welding of fhce-hpxdened armor 
plcto." 

&.Jar Cox r epliedt 
"Ndw I'd like to add that the welding of face-h~rdoned 

armor is a problem $h&t has been rsoomended by the N.D.R. C., 
and has been d located  t o  Rock IerSernd, md a ~tudy w i l l  be mads* 



I think it would behoove us t o  consider the i n i t i a l  duty of 
such B group t o  consist of the preparation of a summary of 
existing data and to see what could be done, quickly, that 
would not, at the sane time, represent a duplication ox over- 
lapping of the N.D.R.C. project. I am sure that project is 
going forward as rapidly as possible, and tha t  w i l l  involve 
the technique of the welding, as w e l l  as the ultimate ballistic 
t e s t s  of the samples so compared." 

Lt. Reed suggested the following membership for the proposed Group: 
"Mr. Abbott of the Diebold Safe & Lock Oomp-, MI?, 

Smith o f  the Marmn-Herrington Company, Mr. Komaraitsky 
of Breeze Corporation, Mr. Steinmeyer of the American Car 
& Foundry Cornpaw, or Mr, Osha, and I don't mow the name 
o f  the gentleman from Chevrolet." 

The Chevrolet member was Mr. Waterbury. Elr. Sibley of Df sston was 
also appointed. The formation of a Tacwkdened Armor Fabricators' 
Grotrp with tho suggested mombarship was moved and cmried. 

In  view of thia action Major Cox remarked: 
"1 think in view of the motion jus t  made and passed upon 

that we ehould now consider changing the m e  of the present 
Fabricators Subgroup t o  Homgoneoua Armor Fabricators' Sub- 
group, and then the third Subgroup w i l l  be the Face-Hardened 
Armor Tabrichtors' Subgroup. I don't think that needs a vote. 
I w i l l  l e ~ v e  that ontirely up t o  Mr. McDowell t o  change tho 
name h i m ~ e l f r ' ~  

Mr. Ab'bott was olected Chairman of this new G r o q  by announcement 
o f  the Subcommittee Chairman. 

Mr. h s e  reported on a meeting sponsored by Genernl Motors Metallurgical 
Committee at which flame cutting of armor plate was discussed: 

"We appear t o  be laboring under a l o t  of rnisiclpprehension 
in that some of ua as fabricators were fearful. thnt we would 
not be able t o  procuro plates having the accuracy of edge 
preparation that is n e c o s s w  f o r  weld fabrication. However, 
ao the discussion went on, it appeared t h t  we already hnvo 
doveloped equipment which will cut w i t h  reasonable accurww ~t 
the preeent timo, and which can be further developed to cut 
with a l l  dosirod accuracy in the near Future. I t  appears that 
the equipment b u i l d e ~ e  have staffs of  competent engineera, 
who are ready and w i l l i n g  t o  discuss with the fabricators :tnd 
the plate prep.wertion people the uso of this equipment, and 
we have d e o ,  aa fabricatore, ideas as to w h a t  constitutes 
a reasonable accuracy on plate edge, and t h a t  none of  tho89 
throe se t s  of ideas are in any w a y  in conflict. 1 believe that 
the way the thing f i d l y  worked out at the plate edge prepsra- 
t i o n  meeting everyone was quite happy. It was 1,wgely a series 
of misun4eretandfngs, I believe as t o  the capabilities O f  exist- 
ing equipment and existing personnel. " 



! .. 
Major COX referred t o  the minutes of t h e  last  meeting in regard t o  
machine we1 df ng of armor: 

''In the dedbnd paragraph, Item C, it is stated that 
'the sutomatic welding procesess are not sufficiently dev- 
eloped for adoption of production welding at the present 
time.' The represeatativee who spbke on the subject of 
machine welding indicated that they were not then prepared 
t o  make 8 report t o  the Subcommittae on the status of this 
procesa, and we al l  then expressed the hope that by tho time 
of this meoting they would bo ready to tell us 6omathing," 

Mr. Outcalt of Linde Air Producte Comp~ny diacuseed ths latest data 
on Unionmolt welding: 

"During the period sfnca the f i rs t  of the year, wo have 
submitted a total of 20 platos, l3 of which wnre ' f i t  platos, 
2 of which were 'Y' platoa--6 Republic, 4 Oarnwio. T h e ~ e  
ware wolded in accof dance wf th tho procedure we developed for 
p l a t e  edge preparutlon and with walding conditions dwoloped 
principally at our own laboratory. Thcy were welded, some 
with proheat, sono without proh~at. It was found that w f t h  
some of thoee plates which were Geldod without praheat, we 
unfortun~tely could not get conais t on t l y  good results s inco 
under ballistic t o s t  thoy wou3d sometimes f a i l  d o n g  the 
l i n e  of the fusion zone betwoan the base metal nnd the fuspd 
metnl, Thht ,  I understand, is a rathsr important point.. They 
should fail rathor in the centar of thc weld  t l p n  wlo6g thnt 
fusion sone. If tho failure oucwe in tho c m t a ~  of the wold, 
apparently there's a tendency t o  eoasidor it a better welbathnn 
if the sEme length o f  failure aoeurs along the edge of the weld. 
I dont t know quite why that should bo the caeo, "but maybe we 
can find out, Of the platee wo submitted, it Pqlpearq at the 
moment, and fill of this is prediaated on a very l i m i t e d  number 

' 

of p l ~ t e s ,  of course, thnt a prehcat of about 300' %, is eprtis- 
f n c t o r y  for Republic plnte. 

"Incidentally, t h c s ~  I3 or 10 plhtes which hcrve been sub- 
mittad t o  Absrdoen by us, are not ~ c n  indication, really, of 
the work which has been dono; there bns been much more dono 
than  you would think from the number of plates subml tted. T t  
looks aa though much of this work m y  bo lost, howovor, and 
we're apparently going to kRvn t o  stcart  imsdiately t o  produco 
a ferritic type of electrode rand welding conditions f o r  use 
with the f erritfc electrodes an l o w  alloy plates. Therots one 
question 9n t h t  conn~ction on which I'd l ike  to get FL l i t t l e  
definite  information. As I understood t he  commenta t o w ,  from 
Mr. Whitney, and from others, thero is still aothing mandatory 
about the chawes in the armor plate and tho el'imlmtian of the 
1818 eleatrodo from our consideration, If that i s  t o  be mandatory, 
I think we should know about it and should ~ R V Q  some indlcntion, 
perhaps not  in this group, but maybe privately from the various 
producers of wmor plate, just how much of the higher alloy 



mmnr plate ie stfll t o  be available for woZdfng. 1 think 
9t' B necoss~my that we all got same fnclicotion glong those 
lfnes, so that we can determilas w h a t  quantities of the higher 
a l l o y  electrodes me t o  be required. I think tht  should be 
made definite before Long, eo those of us who m e  faced with 
the problem of building Up stocks of electrodes, wf thout which 
tanks can1 t be welded, w i l l  knov v ~ h a t  we h v e  to do about it. 
It takes time t o  obtain the steels, and being faced with p8IC 
haps two-, three-, or four-month deliirery U t e s  fram steel mi118 
on special Composttions of sod, we must knob how t h i s  thiw is 
going t o  go-whether we have to change t o  the f e r r i t l c  t,*e of 
oloctrodae next week, or whether i t1  a June first, or when i t ' s  
pix& t o  been 

&JOT Cox painted out that the.requosta of the Wnr Production Board for 
reduction of alloy content of plnfe md electrodes ware t o  ba considered 
later on in the course of the meeting. 

DTury of Canrcdirtn Department of Munitions made P. few comments on machine 
welding in Cmcnh! 

"In b d a ,  fit the preeent time, we m e  mxking scout cRrs  
of homageneoas plate, and a l t h o e h  tho ~ l a t e s ,  the assembliss, 
have not been submitted or aubjoctod to' the ahock t e s t  which 
you apply, they have been tested fn service, nnd with A.FI shot, 
under e t a n w d  ballistic roquiraments, Now the plates are 
shewed and flme cut* The shearing goas rq as high as 518". 
md' the nngles for welding from l T a  t o  60°. The welding 
is R bombinntion of the automtic and hand welding, wid thorefs 
no preheating, Tho subassemblies are radiographed. We use the 
modified 18/8 for the hnnd welding, and the Unionmelt electrode 
for the nutomatic, but R combination of t h e  two methods is, in 
our opiaion, %ha boat combination f o r  making scout cprs ,  

1) 

Mr. Outcalt  explninsd the ~ n i o m e l  t electrode used in Oan&&l 
The electrode, which Dr. Druryf e people are usiw, is 

known aC Oxwold No. 41. It 's  a rather high alloy compoe.ltion, 
almost coqnrable,  in chromium and nidcsl  content, t o  the 25/20 
electrode used for hand welding. It h a ,  howsvor, ra higher man- 
ganese content than the 25/20 b n d  welding electrode. It's a 
relatively l o w  carbon materid." 

Lt, Reed outlined the everienca at Abordeen Proving Ground with machine 
welded t e a t  plates: 

nIn regard t o  Mr. Outcaltls worlr, we h.vs had one plate 
t h t  looked as t h ~ u g h  it ?#ere homogeneow armor plate, nrd not 
welded firmor p l ~ t s ,  f t didst t have a crack after three rounds. 
It was P- beautiful job, and we were actually glad to see it. He 
sent one in Inter, and duplicated his work, and t h a t  one did 
have small cracks. When I f i r e t  tested Unionmelt welded plate, 
the reinforcement was considerable. There was qu i te  a notched 



effect at the edge af the "V", and we'd strike it and the crack 
would start &-run right on down that 1Pne. Sometimes' the plates 
would fall apart, and they wouldn't fall apart along +a plane per- 
pendicular t o  the eurface of the plate. It would seem t o  l i f t  
right out, depending on where the impact was. I9 the impact was 
w a l l  in the parent plate, they would lift out in an area which 
you might ca l l  the heat-dfoctsd area. It has a great tendency 
t o  break on tho parent metal side of the bat-af'fected area. If 
the tmpact were nearer to the center o f  the weld, it w o d d  break 
along what we might call tho fusion eon@ of $he weld, but those 
f irs t  plates came out quite clean, As e mstttor of fact, we al- 
ms t unwelded them. I didn' t know mythhng about it ,  and 5 didnl,t 
l i k e  the looks of it, so I f n i l e d  it, and I would l ike  t o  g o t  an 
opinion from this group, should our welds be such that if a small 
cradk occurs out there at the odge , o f  tho b o d ,  between the wold 
metal and the parent plate, should that crack of neceseity propa- 
gate all the way down that area, or should it go in and out?' '  

Having raised tho question of significance of tho l o c ~ t i a n  of tho crack, Lt. 
Reed ca3led on Col. Jenks, t h o  responded: 

" f t ' s n dif-ficul t thf ng t o  answer. The important thing 
is where tho crack s t a r t s ,  That's more important than hoV it 
goes. ' Wbat you need t o  do is t o  find out whore the crack 
starts, and w h a t  aonditfons aro favorkbla t o  tho origination 
of the crack, Tb&tts mom important than whoro the crack pro- 
ceeder, " 

Mr. Outcalt commented further: 
"ow, my question about whether it makes aryr difference 

where the failure occurs, 1 think sti l l  should be discussed n 
l i t t l e .  I can't see why, U with three shoCs, wo'll say, . 
under cer tn ln  conditions, we got  a crack a f o o t  long i n  one 
of the welds, 1 don ' t  soo why it ~ k e s  any difference whether 
t h t  foot- long crack is in tho centor of  the weld or along the 
edge of the weld, provided, of courso, that it is nn longer in 
one instbnce than i t  llrot~ld bo in the other. If n specimen cracks 
n certain amount, that is some i d i c a t i o n  of the strength of 
tho weld or tho condit ion of the bent-affected znno, o r  t he  
condition of the plpte, or som c-bracteristlc of the spccfmon, 
and f c m ' t  see why  it makes aqy difference whethor tho crack 
occurs in one l oca t ion  or whether it occurs in another loca t ion ,  
if the  magnitude of thnt crack is within .the limits of acceptG 
ability. Now these cracks which occur along tho fusion zone 
in the case of a highly reinforced weld, I t h i d t  wo a l l  agree 
are perfectly natural. Thoy would be oxpeoted t n  occur there 
bec~use that's tho point at which, with  a highly roinforcod 
weld, ~ n y w e g ,  thero is the nost  change in section in the epeci- 
men, a d  we all know that a chnnge in strction, even in n m l i d  
plate without any weld In it, is l ike ly  t o  be the place for ' 
failure to s t a r t .  With a weld whtch Oa nnt highly reinforced, 
I o a n l t  see that it's prcrticularly detrimental for the crack 



to occur d o n g  the fusian zona, and here agsirg, ranlembar that 
the fusion zone is not a distinct l i n e  related t o  the edge prep- 
psation, but is r&y a Pusion zone - a trnnsition zone. f 
don't see why it make8 any differenqa whether the  fnilure occure 
there o r  somewhere elee, provided, of aowse, tht the failure 
i s  of a csrt~tia length which would be acceptable if i t  roccwred, 
welll emy, in the center of the weld." 

Lt, Reed continued: 
'However, I h e  seen Unionmelt welded p l ~ t e s  with a con- 

cave aurface: I h m s  seen them almost level  fe l l  in the same 
wq; and I have alsa awn Unionmelt welded plates  not fail at 
dl in the same tersta, Now whatever the limit6 of acceptability 
on cracking we, f don' t thirds we want t o  conaider nny c o n d i t i o n  
which w i l l  cause suah fn,ilure, because it is a weak condition. 
T b a e  typos of ern~ka are much longer  th?a the center crncks, 
if the cefitar i d  any goo&, find vhen Dr. &wy aaid he w a s  in- 
specting by radiograph, I was worried about that hard condition, 
unfortunately, when we X-ray n, plate,  if the plnte  is sound, we 
c m t t  t e l l  how it is going to  stand q on shock t e s t s ,  because 
we don't know the ahemistry of aomo of thoae areas between the 
center of the weld nrd the edge of the plate* Wo do know that 
an unsawd wela w i l l  fail if you shock it, but we don't know 
thRt R 80md weld will s t m d  up. 19 do knew that when you hhve 
a high reinforcaneent, you g e t  cracking along the edges- but vg 
a l s o  b v e  seen that typa of craeking, that type of propr&ation, 
down along that f u s i o n  zone, with a. concave bead, and with  a 
level bead, on the reinforcemeat+" 

Mr. h e r y  commented that britt le  heat-hffected zone i a  unUeaircble 
under shock. Mr, Ke~ting pointed o u t  that in the 8. 0, Smith test  plhtea 
the preheat was used t o  preoat a hard heat-affected cone* 

Eh, Outcal t explained: 
"Elr, Chnirmnn, I perfectly agree with that, 140 don't 

agree with the other. The only point 1 rqmt t o  make is. if 
the pla te  ie acceptable, as Mr. h e r y  suggests, if the dishing 
is all rgght, if the crack is not t oe  long, if it would be ac- 
ceptahle, had the orack 0tSc~rqd the middle of the weld or 
at some other location in the plate, I don't see why it should 
be rejected became i t  happens t o  b0 at the trhnsitidn cone 
between the deposited weld met,a r.nd the baae metd--the hat- 
affect ed zone. ' 

Mr. Emery made a suggeetion: 
"Lt. Reed, why don' t you have as your rubber ,yardsti& 

R 8pe0ffic, a certain amount of  dishing, without a cr;zrkk in 
the weld or fuelon zone? Then you've g o t  something. I1 

To which Ltc Reed repliedl 
'The amount of dishing you g e t  in a 1-1/2" welded plate  de- 

pende on where you hit. As you found out yesterday, we don't 



know haw t o  hit very w e l l ,  ?,nd I question tho r.d..visnbilfty o f  
doing tk t .  *%wetrer, I h . v e  seen Unionmelt nlc.tes diehed nnd 
I l ime m e n  hand welded plntes  dished by two impacts, one on 
top of the other, nnd no crncklng whatsoavex~ one b,d b o o  
preheat, ;~sd i t  ~ r ? s  outst~nding in its perform.nce. You can 
g e t  di sllfng v2 thout doing timt, " 

It was edmit ted by aeverp.1 snenkers thwt bond zone or hent-effected zone 
f ~ i l u r e s  are not desirztble* Mr, Ke~ting eqkas ized  ?rehenti@: 

I1l%ether we like it or not,  in this type of wdl-ding, 
before ill8 qet finished, w~ n r e  going to hnve t o  work out  
prehcp-ting arrnngenlents to ?~ork out the welding nroblem. " 

Mr. D~.nse commented on n metnl lurgicd aspect of the pmblbm: 
"Mr. Chairmnn, L t .  Reod, 1 think the whola t h ing  gets  

right back t o  metfllurgy, in spite of the fact tkt mos t  of 
you men don't  l i k e  t o  t~lk to  m e t ~ l l w g f s t e ~  We kve mnde 
great e f f o r t s ,  both the welding man, the alectrode mbu- 
fncturers, and. the metallurgists, to so veld o u r  n,rmos plodtea 
cs to minimize the heat input in to  the parent p l ~ * t e .  By mini- 
mizing t he  heat ihput into tho pzrent plate ,  we minimize mnr- 
tensite between the weld nnd the original metal, have put 
multiple weoves ?,,ad m u l  t iplo beads in our hand weldily: in PJJ 

effort t o  reduce the dfstnnce which the heet trnvels, and nc- 
cordirgly the width ond the Wdness of the m ~ r t e n s i t f c  zone. 
Gturally the ~Wac te r i s t i c s  of thn t  m ~ ~ r t e n e i t i c  zane depend 
on the armor plats composition, The brdcnnhbility of the a r m o r  
plate has never been given su f f i c i en t  attention, nnd the bnr- 
denability is not  due palone t o  tho nlloy composition, but is 
lnrgely duo t o  the cnrbon contqnt* It is hbcombinntion of the 
two, ~ , n d  it is neither c,arbon nor allay ~ , l o n ~ .  

"&$denability is beginning to receive the study which 
it has long merited, md Lt. Reed is perf ect1:r correct  in crit- 
icizing the results of the Unionmelt platos, where the dnfon- 
me1 t method c ~ ~ u s e s  n wider xmrtensitf c he~t-affected zone be- 
tween the wold m d  the original- mstnl. Tht charncterislic 
w i l l  bebmara mnrked in the vlates of high h s b a m b i l l t y  t b 4 n  
i t  w i l l  i n  the glatea bf lovr hrdontlbilfity, witnoas the rc- 
m r k ~ b l y  off act ivo  work by Ifi~ionmolt on some of the new 1074 
compasl tfons.  Tl?c are very much concerned with resistance 
t o  shock and p r o p ~ h t i o n  of crack due t o  r a p e n t d  shock, p-nd 
1 think we should not straddle t h e  fence in eriticf zing RV- 

thing which may incrense tho tendency towtu'ds thnt kind of 
pr opagn t io n, 

"?ie v i l l  nrob~,bly be g l ~ d  t o  go song wilth ablne of the 
people vho wm.t t o  preheat, but so fw our practice hns not  
been t o  preheat, ~ , n d  so far ow prnctico hr.8 dealt with ple te  
of high &dennbiliw, which, in the mbsenca of preheat, 2s 
very &iff i c u l t  t o  weld, and o u r  nractica hr.s been developed 
t o  keap the hont-affected zone ns  sw.11 and as narrow find ns 
l i t t l e  embrf tntled ce we couLdt Now I m a y  be doing w h t  I 



suggested--straddling the fence. I have no brief either for or 
against Unionmelt. f bope that Unionmelt becomee practical, be- 
cause .f t s e e m  preposterous t o  consider mesnufacturing armored 
vehfcles by the hand-welding method. 

"Some automatic method should be devised, whether it be 
Unionmelt or same other, but that automatic method will have 
to be premised on such conditions of plate and welding allr t o  
not cauee a wide heat-affected zone which b s  a l o t  of  very 
brittle martensite in it. Now with the new lowbardenability 
compositions, the$e 58 lee8 martensite, and i t  ie of such a 
nature that I t  is -not  ,.quite BO hrf t t l e ,  which w i l l  make the auto- 
matic weldfng problem easier*' 

Mr. Keating elaborated further on  the subject oP machine welding: 
"he question of autoqatic welding, I think, is one of 

course we are a l l  striving f o r ,  It is the thing to do, and if 
the 'Unionmelt process can be worked out, there is no question, 
f don1 t believe, in anyone' a mind, that f o r  certain thicknesses 
of plate, it is  the ideal and fastest methad, and those of us 
who are  interested in w i d n g  the wa;r want t o  aee that thing 
cone through. So far we haven't seen enough evldeqce t o  feel 
aqr aaaurance on that point. Undoubtedly, there w i l l  be some 
applicntfone f o r  that ty-pe of welding; 1 don1 t believe t h i s  Job 
hAs to be all hand welded or all automtic~l ly  welded, Union- 
melt msyr h v e  certaln m o t e  where it's the most economical a d  
fastest method. You may have other spots where the mated 
eleatrode with the ~utomatic head would be the most eeanomicd 
and fastest, But the automatic processes should be given a good 
trial. .Mow we haven't been able to ,  because of the great  number 
of other engineering things that us have aver there. We are a 
limited oPg~nizatioa i n  the final arelgsis, and we .have ha8 a 
l o t  of problems thrown at us by the Army and Navy and different 
people, e.nd we are working on some tough 09es.' 

Mr. Outcalt summarized the problem of machine welding armor RB f ollown: 
'You.have to do one thing or the other, if the matepial 

f s  hardenable. You're going t o  put i n  a certain amount of 
beat at one time with the Unionmelt process, because you're 
putting In large quantities of m e t a l  at one time. If you want 
t o  use a hardenable plate without preheating, then you must 
put weld metal in more slowly, and add l e s e  heat st oae time. 
T h t  oeems t o  me t o  be a brief statement of the problem, and 
it's a question of whether you want t o  use the hardenable ar- 
mar and preheat, whether yau w a n t  to use the smaller electrodes 
without anq preheat, or whether you want t o  use aa armor which 
2s not hardenable, i n  which case, you c d  do R l o t  of things 
with it.' 

h 

Mter 1-unchean u o r  Cox called upon I ~ T .  J. T. Catlett (Genera3 Electric 
Company) t o  give a report on the possibilities of machine welding 
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for armor: 
"As far as OK company is concerned, we have done vary 

I f t t l e  in the w a y  of machine welding on armor plate, We have 
done some work in connection with Metal and Thermit Coworation, 
who have furnishsd the electrode for  use in the machine. The 
welding head with which w e  weld is satisfactory for handling 
coated rod by. introducing the current into the wire through a 
s l o t  cut in the coating. We feel that we have a very satis- 
factory method of controllfag the speed of the wire, by ref- 
erence to apc Voltage and, of course, as far as the am~lication 
to armor plate  is concerned, the machine w i l l  be no different 
than i t  would be for other w e e  of plato, 5 think that the 
question o f  machine welding of  armor plato rasts a good d& 
with the olectrodo and not with the machine which feeds the 
electrode." 

A t  the request of Major Cox, Col. Zornig gave a summry of latest devcl- 
opmente in armor compositions: 

"Tho t-nd is  t o  lowor hordonability; that is, the caw 
posit ions thomsal~ea w i l l  have comparatively low hmdenabf lf ty , 
and tho charactoristics of the p l a t o , w i l l  be d m ~ l o p e d  ly drae- 
t i c  heat treatments, and tho alloy content and the carbon con- 
tent, if theao plntes ahow up t o  be suacsseful, w i l l  be very 
much lower t h  w h h t  they ,are now. U 

'Po which Major Cox addod: 
"I should l i k e  t a  add t o  tht, Gentlemon, by wqy of emphasis 

thnt w e  have barns in mind wel&biliIy in setting up this aahed- 
ule. The carbons aro kept low, md I thfnk that you will find 
that if thid low a l loy  program goes through, m d  makes satis- 
factory armor, thnt weldability has not bean sacrificed. k b e r  
it will hafa  boen improved ~ o n a i d e l ' a b l ~ . ~  

It wae further Wlained in mswor t o  qw.stions tht just what tho new 
compositions would be and when they would be avaiJable was not get known. 
Col. Zornig remarked: 

"Ve hcve t o  find something first that w i l l  work," 

Since thero is considorabl'e interest ' in the poss ib i l i ty  of sub- 
stituting f erritic electrodes for the srustoni t i c  stainloae electrodes 
for welding armor this subject was discussed at length. 

Mr. Deppeler explained: 
"!L'hess f orff t i c  .electrodes, as you know, have a tensi le  

strength of roughly 125,000 and a yield of 116,000 which is 
almost the same as the armor plate. We believe thnt the weld 
earl be very much narrower than the veld is now designed for 
the ~uatenitic type of electrode, and that with 300° or 350' 

e preheat, we w i l l  have everything that we need, but, i n  order 
t o  be sure, we want t o  get a lot of plates of the same heat 



%re have been sane comments about honest electreds manufacturers 
this morning, and I would l ike  t o  be honest with you f a r  p, moment 
regarding what some of our problems are. One mill cannot handle 
dl the requiremente and every time we get n new supplier, we'vc 
gat t o  train that supplier on the surface of tho wire which ho 
sugplies. Now I know some manufncturers have the problem in their 
awn lag and hrtve an advmtngo in thrtt  roepect. A greet many others ,  
though, require the wire t o  be d o l l ~ o r o d  in the manner which they 
can coat', nnd, furthermore, it has t o  ba dolivered, in addition, 
In the heat trontment condition which can bo easily mtrnlghtenod 
and cut, somotiaes without lubricatf on, somotimee with lubrica- 
t lon.  

nThoro nre a great mmy different t y p o  of problems thoro, 
but in general thero is no woy that f hhvc beon able t o  f ind  
yet  to spec ie  a wire eurface which would givo the same t y p e  of 
wire from ono m i l l  RI comas from another mill, and we depend 
entirely on t ak ing  ovexy bntch of w i r o  aad nurning o, t e e t  on i t  
ahead of time beforo we coat i t  up to see whether tha t  surface 
of the wire is goiag toigive good adherence. You kmJ, if you 
have done any experimental work or control testing, that you 
tRke a sample which you hope is representative, ma you hope 
that when you have taken t k t  -19, the results on that w i l l  
be tho rosults of the rest of the group But you a l s o  know 
there are times when that i a  not the m s o  and that we can take a 
eample, we can t a k e  one c o i l  of wiro, coat it up, and we w i l l  
g e t  a perfectly eatisfactory result and send the reet of i t  
through, and wo k m w  sometimes tha t  the rest of it ia not quite 
so satisfactory. We hope we catch that which i s  not aatisfaekory 
i n  the final inspection testel but thsra again wo are sampling. 
&* h x r i a t t  mentioned some with rospoct to the uso  of lime 
coatings and the uBe of tho proper bindora for them, There is 
the problem of the wire surface* There are o. good many other 
probleme which a r e  involved in this adhpronce o f  the oontings 
to  the electrodem," 

And Vr, Maurath commo~tod: 
V fvo ovarcome Mr. Thorns's difficulty, I lost a good 

many hours of sleep about 12 years ago, mRkiag coatings  tick 
ta wire. I overcame it by toking wire from any manuf'acturor 
thero is, and grinding the surface of it," 

Mr. hurath Mvocatod a centergrip eleatrodo 18"Iong t o  avoid ovorbating.  
There war a lengthy discussion over the thoorotical economiee poseible with 
Mr. Biederman arguingt 

"1 know you rod people don't wmt t o  go to  tho tmuble o f  
welding the holder tn the ond of the rodc I t P e  a lot of troublo, 
but thero are a l o t  o f  things we are going to have to dn that 
we haven1 t done before* We a r e  talkiw about a p, 60-, and 90- 
cent matorial against 2-114 cent m t o r i d ,  and if  the rod mnnu- 
facturors don't w a n t  to do it, 1 suggest that we line q~ same 
individual source t o  do the job fop us. You could coot your 



rod before you weld i t  on, You could weld it on before you coat  
your rod and have an automatic grinding outfit to grind a little 
f lash o f f  of i t  so that your rod would $till go through your 
processing j u s t  the same as it does now beside the welding opera- 
t ion, '' 

And k, Maurath countered with: 
"!?ell, you have 15 feet af  wire for the pound of 5/32, 

and about 11 fee t  t o  the pound of 3/16. Now you f igure out 
the multiplicity o f  welds you make there and f donN t believe 
you can save the price of that wire." 

Mr. Biederman continued the argument for  the mild s t e e l  end to be wolded 
on t o  tho stainloas steel oloctrodo prior t o  coating and made a motion: 

"Mr. Chairman, I make a motion that maybo we could get  
some electrode manufacturer to co-operate and try  this thing 
that we are talking about. AW i d o r m i t i o n  on butt, f lash,  
or any other wey t o  get the equipment, but I think the Job 
should be processed with the oleatrode mnufacturers+" 

Mr. Keat ing commented: 
H T h n t  brings up the question of exponae in trimming that 

flash, which, while it -can be dono - we know how t o  do i t  And 
all that sort of thing - yet  it fe  kind of a k e t y  job, and, 
rertlly, that l i t t l o  flash, as far as your welding is concornad* 
wouldn' t bother you and you could gp right ahead and weld, even 
though that flash is on these, but you couldn't extrude It, nnd 
the tolerances for oxtrueion aro very, very a-1. We call them 
minus nothing or plus two or v ice  varsac l~ f th in  ~t couple of thaw- 
nndths, nnd i t  hns to  ba very straight, The l eas t  little lump 
w i l l  t h r o w  the thing off center, or it won't go t-bough your 
wire guides, It is quite a ticldish process, because these 
things nra shooting out o f  thoro 250 or 275 feet up t o  600 
feet R minute, Thatla pushing those things through there fast 
and we cant t afford t o  have jme or anything that would intro- 
duce any more hazards in that proceee, so  if you could do it 
afterwards, it would eimplify things n whole lot." 

Then Mr. MRwath added: 
"Let's coat the rod up t o  the very t o p  and arc t8ck the 

mild s tee l  rod on top of it by going through a l i t t l e  autonvrtic 
fixture and let the man come down and tack it on top of it. 
You are still aaving, on overy 1/4" to 3/16" rod, from 2 t o  4 
cents a rod with tho mild steak piece- on the end of it. %en 
if we do I t  by hand, we have got n terrific snv$ng, m d  we save 
the high alloy e tratagic material." 

k j o r  Cox explained the p o s i t i o n  o f  tho Subcommittee on this question2 
"1 t is not a function of t h i s  Subcommf t t b e  t o  handle pro* 

lems of that aort, whf ch are really, i n  o f f  ect, detailed procurement 
problems, and we can1 t handle pxacuroment. We chn s u ~ e s t ,  and 



we can de#oto the tima t o  think about such things, and on ly  
suggestion, Unless somebody  ha^ a better one, is that between 
the electrode mmuf'acturers and the 'were,  that some scheme 
be worked out whereby this mterial that is being l o s t ,  which 
apparently woragos closo t o  20$, can be saved. Mr. Biederman, 
I stand w i t h  you in principle, but I donk t b o w  w k t  wo can do 
t o  help you in  this  caee.It 

Mr. Biederman requested comment from the M e  Company mil Mr. Vm Dreser 
responded: 

"WB hawe tried ta got  fla$h welding 'equipment to spot 
stubs on thg s ta in less  w i r e  and so far h v e  been unsucceseful, 
Wo b v e  armelded  atubs on at the rnto of 30 R minbts, which is 
considerably slower than our  extruding process. However, i f  we 
put enough arc welders on tho end.of. the extruding press, we 
can undoubtedly do the jo'b, but it w i l l  c o s t  us about 2-112 cents 
a pound for 3/16". The aaat  of the wire i a  58 cents, The stub 

# 

loss is 11 cents. Va donbt want to do it boc~uso it will clut- 
ter up our p l a t ,  bszt we will do it if the consumer wants t o  
p ~ g  the additf onal coatclt 

Mr. Biedermn commont ad: 
"1 was all enthused when Mr. Whitney spoke this morning. 

I t  interested no beeawe I think one of those daya we m a  al l  
going t o  have t o  button up and go to work and try, because one 
of these -8 we a r e  not even going t o  be able  t a  go out a i d  
buy a pair of shoes, Wo w e  gaing t o  put Pos t  Toastie boxes 
in our shoes t o  w a l k  an, snd thatis Just w h a t  we are getting to,  
and I think t!xis Committee should s t a r t  t o  co-operate a d  even 
if ittm only a 1% saving, they should s t m t  s ~ v i n g  right now- 
nnt wait ' ti1 $he thiw gats critic~J-because that's w h a t  we 
M e  done, and have beon in the habit of doing in this countq, 
Things have Gome too eaay for ua, and they we going to came 
harder f o r  us and we should s t a t  t o  work that ww now," 

A t  the suggestion nf Mr. Ikmse this quest i~n was referred to  Mr. 
Wly of the War Production Board. 

With regard t o  b a l l i s t i c  testing &Jar Cox referred t o  Lt. Reed: 
"t. b a d  has nccmulated a lot of information in Aber- 

hen, for which we are all extremely appreciative. He is doing 
a gofig job, and prrrt of his job is t o  g e t  thett infnrmtion out 
t o  us. Will you t o l l  US what your program is for getting thie 
stuff out to us?" 

To which Lt. Reed replied: 
"Tho data that we hove fe not too conclusive, but we h v e  

learned something about testing. We have learnea t k t  on the 
36nx36"~.-1/211 plate, you have t n  strike within about an inch 
and n quarter nf the cross bar t o  cauee any cracking on the f irs& 
round. On the lege, you M e  t o  strbe within two fahe$ t o  cause 



any cracking on the first round. If you strike further a m ,  
you get no cracking, find if subsequent rounds go no nearer the 
weld t b n  tht, the plate  Comes through with f lying colors, in 
spite  of w h a t  the weld wss. We have found that if the f irst  
round causes no cracking, and t he  second round causes cracking, 
the cracking caused by the second round is much more smere 
th;m it would have been had there been no previous round. Other 
than that, bIRjor Cox, I'm ~ f m i d  t o  s q ~  algrthfng, because f 
started t o  ssy something ye-sterdq and found out that 1 was 
basing conclusions on information that wasn' t eonsf etent  with 
the name, t o  wit: electrode No. 1 wasn't always electrode No. 1." 

M s j o ~  Cox interposed: 
r Brooksr has just handed me s nite ,  which I thi& you 

w l l l  be interested in. It' s been approved by the Office, Chf~f 
of  Ordnance. that ?AS No. .l forms do not require notarization 
--simply cer t i f ica t ion .  That my expedite getting the plates 
out. The c o r t i f i ~ a t i u n  i8 the signature of any respanoible bf- 
fieial of your compar~v." 

Lt. Reed remarked tbrtt the WAS form had beon revised at Abtsrdeen Proving 
Ground and that a U5-2 form was in process. Re distributed samples but 
cautioned that the samples wero not yet  in finnl approved f i r m ,  This 
new form consists at prosent of three sheets instead of one as explained 
by Lt, Reea: 

"It fmrblves three sheets. Be w&sn8t acquainted with the 
o t h o r  two sheets yet. No. 1 gives ample apace for describing 
joints and writing remarks on- the opposite side, enough room 
for you t o  si@ your name, and inoorporate about a l l  the in- 
formation that the variom people requested be o n  the IU$ form. 
However, wa find that "they don' t even .fill the form out as it 
is now. ?age 2 f s the X-ray roport, on which we place w h a t  we 
see in the X-r,~s. Page No. 3 is  the baJ1istie r epor t ,  showing 
what happens with e ~ c h  round, and there is ascale drawing of 
the 'HI plate  here, on which the location of the crack and of 
impact is located to scale." 

Mr. Smith of km4ndHerr ing ton  commented: 
!lane thing thnt 1 would criticize an the f o rm  1s t h t  

it's not  spaced for typewriter use. It is adaquate If it is 
going t o  be f i l l e a  in '$. hand, but it takes q more space than 
'I f oel is antirely necessary, particulexly if you are going to 
add two more shoeta t o  it. Now, I &ve prepared an alternate 
suggestion here that is spacad for twewriter use, and stlll 
has t h e  same amount of vace  for sketching as the o r i g i d  WAS 
1 Form, which, as fnr o u r  work has beon concerned, hRs been 
adequate. I t  doas no t  proviae space for a lengthy group of re- 
marks, but I f e e l  that whe'se those remarks are necessary, it is 
en t i r e ly  possible t k t  a aaparate ahbet of letterhead could be 
added t o  cover that. 

"I have included on this sketch also the bal l l s t ie  record, 
which appeass on the origind. WAS form which does not  appear 



on this one. However, since that has been supplemented by 
two additional ahget* t o  cover that, I don't feel that that is 
entirely necessary, which w i l l  give us more spsce for sketch- 
ing, or some remarks, if required. ]: think that just in the 
lnterest of consemation of materials--in this  case, not so 
strategic, but Prom the standpoint of  bulky volumes, I Id l5ko 
bo h m e  it considered, at least, that i t  be reduced in size to  
the point where fk can be a single sheet without a f o l d .  

"ow, 1 would a l s o  l i k e  t o  voice an objection t o  the form 
of  your shock t e a t  report aheet, which is aheet No. 3, in that 
it is limited entirely t o  teats of 'Ht plates .  We happen to  be 
in a poeition, and know of tvo others of ns in the face-hardened 
group, that an 'HI plate doear not give us, f 'm hard put ae t o  
w b t  word to use, but w mmparable t e s t  to  that which would be 
found in a portion of the structure. Thia b;t'fngs up a point that 
should later come up, accordin$ t o  the agenda, but I w i l l  confine 
my renarks at the moment to the statement t b t  as far as radio- 
graphic inspectian i s  concerned, there are at least two of us 
in which it is impossible t o  make a radiographic inspection of 
the weld structure. Now, that m y  seem very peculiar, but if . 
you have ever tried t o  radiograph n butt strap weldment, you 
will know w h a t  I mean, ti 

h j o r  Cox replid: 
HI would l i k e  t o  mnke th is  remark, t o  apply to all o f  you 

on this  form: that you study this  as soon as you can ~ n d  write 
your oomments into a l e t ter  t o  Mr. Brooker down at W~~shington, 
Then, Mr. Broaker Can e i the r  attend t o  it himself or he can ap- 
point a committee. Hers olosest  to these specification details. 
He's cloeer t o  them thad we are at Watertown. I t  a l l  totals up 
t o  the f a c t  that the acceptance of a w  o f f i c i a l  form has t o  be 
dohe in Waehfrgton, so we will let Mr. Brooker handle that." 

Mr. Burgston of Deere and Company commented about $ p i n t  of design of the  
tank hull: 

"1 kppenod t o  be aver t o  the Rock Islend Arsenal last 
week. Mr. Brooker w a s  there, and on the conversation of wald- 
ing rods, of the armor plate type, we ran into several jobs on 
parts that are out of the l i n a  of f i r e ,  like the bs& nf the 
p i s t o l  port  door, the back of the driver ' a  door, and it soensd 
t o  us that a low grade welding rod could be very readily used. 
Theae parte m e  not highly stressed a d  I t  does seem that a 
straight csrbon rod could be used in the fastening of hinges 
and clasps nnd parts that a r e  not highly stressed, an the ha&, 
for example, of a pisto l  por t  door. flow certainly, if another  
t;ype of welding rod could be used f o r  parts nf that type, it 
would represent quite A saving in tho we of the 25/20 nr the 
1818 weld rod, Of course, thoee &e things that we can' t do 
anything about, bQt i t  does seem tcr us that the Ordnan~e Depart- 
ment could w e l l  review some of those specificatinns and probably 
use carbon steel weldfng rod o n  parts that are not heavlly 



stressed and that ore  definitely out of the Line of fire*" 

To which Mr* Brooker replied: 
"In this particular th ing that Nr, Burgstan has in mind, the 

p i s t o l  por t  cover far the L4, to  go up t o  the F'ieher Tank Arsend, 
it is a closing lever, specified in the draxiag to be 1045 steel 
and t o  be welded i n t o  the cast armor with n suittible electrode. The 
Ordnance Department has already changed t12p.t t o  1020 steel. Those 
concerned w i l l  get  an o f f i c i a l  n o t i f i c a t i o n  rmd meanwhile we asked 
Mr. aurgaton t o  considor and do some work on the use of a ferritic 
electrode with suitable proheat, 

'How, that pnrt, and others f ~ s t o n e d  t o  armor, are not neces- 
aarily unimport~nt,  'Ye all ,  in the Ordnance Department, have seen 
what w i l l  happen t o  a p i s t o l  port  or a door of a tank, if it i s n ' t  
made r ight ,  or if the pnrta nro n o t  held together tsropsrly, eo i t  
ianl t t o o  oasy t o  stay t h ~ t  we aould uss thc EToetweld 5 instead of 
18/$ in making wolds, but to the 3]fetricts and t o  the contractors 
here, ploese bo on tho lookout for euch applications of welding which 
have been missad and in which cases a qwlif icat ion of wol,ders nnd 
welding procadura by AXS-497 is actually ridiculous. fbe have worked 
this problem out with Mrw Burgston. Shorc m ~ l b y  bo others." 

Mri bymo commented: 
"It has just beon impliod that tho f~sbrfcators have been 

asleep, & W  do YOU ~uppase thaso pis tol  p o r t s  have beon put on 
for t h a  last yuar9 Thatla nll mcdium s teel  now, There's no etain- 
lass  stool baing wagtea on that application at all* I think I*. 
Bibber, of Carnagia-Illinois Steel Comphny, was the first one who 
sponaorod t he  use of the forritic rod for th3t applicntion, and f 
think they are  doing it at the prascnt tihe," 

To which Mr. Brooker rqllod: 
UMr, k y m o ,  there is no urgumont nbout splnsh bends n t  (nI.1: 

this ier a new pistol  port for the k b .  Tho fngtening ~ n d  p a t  
of the  welding are on the bnck side o f  tha do02 proper. f L is 
part b f  t h e  closing mecl~nism." 

And Mr. Bibber nbded: 
"I n m  a littlc b i t  mare concerned ibout things o p  tho in- 

side than 1 am about things on the outside, Things on tho outside 
can Be a h o t  away nnd not  do a, g r e ~ t  deal of h a r m .  I think we 
should be a l i t t l o  more careful nbout things an tho  inside, which 
can causc parts t o  f a l l  o f f  nnd be Imocked around in the tank. f 

th ink that should be Sarne in m5nd in any of theso ventures*" 

This p o i n t  made by Mr. Bibber is considered t o  bo a fundmental prin- 
c ip l e  of welded cone tm~ct ion  and. 0110 nf tho m i n  raasons for superseding 
riveting and ' bo l t i ng  by w c l  ding. 

Since Dr. Drury hiid not beon permitted sufficient timo boforc lunch tb m&o a 

@ report on thc welding of armor in Onnndn, Major Cox now ca l led  upon him at 
th is  time: 

"Now we h~,vc ono other l i t t l a  itcm t o  catch up on, 1 ) r c  Drwy 



didnft finish this morning, I'm sure, f would like t o  give him 
t h i s  opportunity to complete h i s  repopt. Dr. DrWy.R 

e 
Dr. DNqr remarked: 

"1 warj vsxy much impreseed this morning with the talk given 
by Mr. Whftnqr and i n  that connection E ahould l ike to refer to 
some compositions of axmor plate which have been used in Canada, 
About a year ago we were using the nickel-ohrome-moly steel  that 
i e  around 3.5 nickel, 1.75 chromium, and .5  moly, but shortly &- 
tef i t a  production, it  was found that you could get a bet ter  bal- 
If stic resistance plate, although I w i l l  have t o  qualify that 
a taternent, ohromkmly combinst ion containing approximately 75$ 
nickel. Now ~ i # e  that  time, the composition of armor plate ae 
used in Canada has changed w i n ,  and at the present time, for 
castingo, we are using a chrome-moly without m y  nickel, and an- 
other mnnuFacturerr is ueing pmctically the aame snsllyais with 
.75$ nickel. Fbr p l ~ . t e  of l}2H thickness aad under, a compoai- 
t i o n  approaching X-4130 has been proven t o  be very successful, 
and I believo thAt plate will be eBog.ted befare vexy long. 

%t the present timo, f o r  1/Zn plate and under, one  saw- 
factwer i a  using s plate  containing under 1$ chromium, under 15 
nickel and &bout 0140 moly, but the mnadiuan hss been droppcad. 
No vanadium haa beon used in Canadian plate,  Canadian armor s tee l ,  
either for plate or castings, for  possibly, oh, at least six months, 
so that falls in l ine  with what Mr. Whitney mentioned this morn- 
iw about being lAble t o  make axmor plhte whi* will stand b a l i s t i c  
attack without the w e  of vrsnadium, and also i t  i s  poseiblo to use 
one which has a very much lower contmt in nickel. 

 OW, in quenching, it has been Found% I think, at p r a c t ~ c ~ l l y  
overg heat-treating plant, thnt a fully martensitic structure is 
not  obtained on quenching, but moro o f  a ferrite end possibly 
trooetite. When that ie drawn you are not able to get the tough 
aorbiCic rtructure which is mostly desired. So, therefore, ex- 
periments h v s  srlready been conducted which seem t o  indicate that 
wIth improved heat treating processes that a certain percentage of 
~ l l o y  mty be saved. 

"The qwet f  on of the hardened zone in welding has caused con- 
siderable discussion, ~ n d  I would l ike t o  note that  our ideas on 
har4ened zones axe not eirniler to any*whi& have beon expressed hero 
today. The alloy and c~xbon content regalatee the critical cooling 
rats In the fornation of the hardened sono, With high a l loy  and 
high carbon, tho hardenod zone i a  going t o  be consLderably greater 
than you have the lower ~ l l o y  and the lowor carbon and that point, 
I think, can be solved better by metallurgicsl considorrstians be- 
cause it is ontfrely a metallurgical problem that if you go high 
i n  a l loy ,  S t ' s  mcessqy to reduce tho carbon; but, on the other 
hand, if y o u  reduce the al loy,  you will got a lower hardened zone. 
 PO^ aatisfactoxy Vehicles, that is, welded vehicles,  we place) the 
l i m i t  of the hardened zone at approximately 400 Briaell and with 
tho 400 Brine11 in the hardened xono, we bsl ievo thrr t  i t  i e  quite 
possible t o  have a vehicle which w i l l  be entirely satisfactory in 
asmice. 



I 4 

'About fifteen months ago the specSf ication for armor plate 
was around 375 o r  385 ~rinell k t  since that time i t  has been re -  
duced t o  275, and on this plate, a hardnew of about 190 Brine11 
has produced good ballistic resistance, ao it is the f eelfng that 
there le a ~ o a s i b i l i t y  of ~ t f l l  lowering the Brinell hardness of 
the plate which is being produced at the present time f r o m  275 to 
possibly 225 Brinol l ;  and if tha t  is the case, it may assist great- 
ly in solvtng the problem which is presented t o  us by the  hardened 
zone problem in comect ion with automatic welding. In autqmatic 
welafng, tho increase in hnrdneas of the hardened zone runs from 
poesibly 75 t o  125 points Brine11 depending on tho thickness of 
the plate. With p l a t o  of around 7 millimeter you g e t  practicQly 
no hardenod zone whatover, but when you get up around 10 mil l imotar ,  
3/6", the hardamd zone forme and the degree of that hardened sono 
depends on tho i n i t i a l  hardnosst of the plate, because if you should 
~ t m t  with n plato of 375 I l r inel l  md get an increase of 125 points, 
then you would h?ve a Lzrdoned zone running up to 500 points Brinqll .  
The reason ww I happened t o  mention 375 points Brine11 for a t h i n  
plnte  i a  tk.t the mnnufacturers got  bigger profluction whcn they 
draw t o  375 as compared with ufsdor 325, so tha specificetion at the 
presant t h e  for  plnte up to 5/6"  bas boen s o t  ~xound 320 t o  340 
B r i n c l l  with tho result t h ~ t  when thnt is welded with the automatic 
machine, a zone of around 400 Brinell i a  obtained. 

"At  the prosent t ime scout  cars Laving plate up t o  30 m f l l i -  
metors in thickness are  being wcldod. Tho plnte used is homogene 
ous. mo fm-hardened plate at al l  is usad* The plate is being 
sheme& n n t o  up to 320 &inel l  can bo sheared up t o  518"in 
thf cknossr Abovo that, flemo cutting is practfced, and f oli  pla to  
1" o r  over  in thickness, a preheat goes ahend of the cutting torch. 

In wolding, the automatic process f s uaed for l i n e  welding, 
find for f iniehing of the vnrious ~ssanblifee, h a d  welding i a  used. 
A t  the prosent time t h i s  maunts t o  about 504 of  each one. Ihero is 
no proheating of the subs?ssomblios being wcldod, nor is the corn- 
pleted hull pos t  hectod. A11 the operations are conducted with- 
out any heating whatever. And thon the order In which you weld 
parts: Ordinarily a person might just go t h o a d  and wold sub- 
assemblies togathor  P-nd then you find when you finished that the 
l ~ s t  prxrta w i l l  not f i t .  There ie o. certzin ordor t o  weld sub- 
assemblies togother and th.t ordor w i l l  k ~ v o  t o  be found out. 1% 
cmwt bc laid down. The f~~br icntar  will work thn.t out f o r  himeelf. 
The electrodes which are being used m e  tho ones on tho basis of  tho 
25/20, which is a modified, either with manganese or molybdenum, or 
tho 18/8, which is tho modified typo of it ns well, with tho man- 
ganese or molybdenum. Both rods give sntisf~ctory welds, and mc 
resistant t o  bnl l i s t i c  attack, filthow no shock t e s t  is epplied 
w h a t s o ~ ~ o r r  

"A number of those scout cars have been delivered and produc- 
t lon  on the ~?sscmbly line is ~tartilzg and w i l l  bo proceoding quite 
rapidly as fu l f i l l ing  the specifications a s  t o  dimensions, and oao 
p i l o t  modal hits bcon in somice for swornl. thousand miles and it 
has no t  shown or developed arnckfng whctover. One interesting 
t o s t  which we hnvo conducted within tho paet few weoks is t o  rapair 



a tank in the f i e l d  after a hole is blown through the side of a 
plate. f t  is poasible tro weld a patch on the side of a tank, 
and, after firing, t h e  welded j o in t  or patch did not loosen or 
show any cracks whatsoever. I t  is  a development which will have 
t o  be studied, but the t e s t  which wne conducted was done with a 
circular piece of plate, of the sRme thickness P,R the sides, which 
was welded over n shot hole and a, number of shots were placed r igh t  
adgncent t o  the weld, and there was no svidence'whataver of cr,a*- 
ing o r  looso~ing i n  any w n y  which could be found. Tests h v e  r ~ l s o  
baen conducted t o  cut out a pioco of plate ,  but that hzs not proved 
as successful 2s putting a patch on tho outside." 

On being questioned as to certain dotni ls ,  br, Rury remnrkeh: 
"On tho auton?,tlc mzchine, wo run up to 5/g" in one p2ss. 

With hnnd 1,volding f o r  the snmo thicknoes, f o u r  pRsses n r e  used. 
I n  that  connection, I mentioned sometime ago that we wsre shear- 
ing plnto.  Mow i f  you t ~ k e  two square-edgo plnt~s and put thorn 
together to f i t  tho side of  tho scout ccr, you,k?va nn included 
angle of 17'. T b t t  a according t o  the sot-up of the design of 
the vchiclob At tho start, eveqbady said you couldn't weld with 
a 17' inclueed zngla, but it is being done and most o f  the  angles 
are unde~ 45O, included cnglas, and wo a r e  getting ~ x c e l l o n t  
wel&s. The p h y s i c n l ~ ~  on tho wold metd. sun aBout 100,000 ton- 
s i l e  and upnnrds of 65,000 s7ield, wound 40 t o  50 o r  55% elonga- 
tion on 2", P J ~  thnt's about Zha tmo of wolds1' 

Mr. Keir asked: - 
"I would like to ask Dr. Drury if flwme cutting is used to 

m y  oxtant in Canada on this Progrnm, and t o  whnt oxtont? k you 
find it accurate enough f o r  thc purpose? Is there much deform- 
tion or nyo thcrc aqy advantages c,t al l  you hc~,vo found in the use 
of flnmc cut tiw?" 

Ta which Drb h r y  replied: 
"As I uantionad, up to 5/g" is shoared. Bbove t h t ,  314" 

or ovor, i t  i s  flame cut. No &iff iculty is found in thoir cut- 
ting t o  within, 1 yguld s ~ ,  poss ib le  1/32" of tho l i n e  with 
flnme cutting. If you proheat, you donw t have arJr troubla, but 
you prehoat if you want to flruno cut, especially an angle. I' 

Thore ensued soma discussion regarding details o f  EL joint f it-up, Drb bury 
emphasized that n narrow groove with maximum root gnp of I/B" is usod for 
&chine welding. Vith ref ercnce t o  minimum tompsrnturo f a r  welding, Dr. 
Drury remrkad: 

"ho bui ld i ig  on a cold day is jut ordinarily heated ns 
ony other industrial plmt, but wo do not permit ucldine,. t o  bc 
attampted if tho plntoa n r e  below 50°F." 

To whf cb Mr, Chyle replied: 
"That's vary interesting bccauso all of our work, ovcn an 

mild s t e c l  f n h c a v  sections, requires tlmt the tompernture of  the 
plat0 be et l c a a t  60°, and on'*alloy plnto, we have found that they 
h v a  t o  be at least 70°, !'lc encountered trouble, cracking trouble, 



particqwly over wceekenda, whero the building isni t heated, and 
the tempeiature is lfabler to come down to 40'. Then on Mondw 
morning you a lwws have trotibls on amount of that.' 

Upon being questioned regarding armor plate hiwaneera, Dr, bury r uplied: 
'AB I mentioned, about a yew ago, or a l i t t l e  more than 

that, all plate under 112' was drawn to a Brine l l  hardness of a- 
rovnd 365 t o  3 g g d - i ~  tbt range--because it e v e  them good pene- 
tratioh, but t o  build vehiclae i t  is n s c e e s q  t o  cold form the& 
and you cang t bend a plnte of 375 Brinell  and b.ve it meet c o r k i n  

, rsccur%%e speci f fcat ions ,  s o  to  do t b t  it was necessary to  work 
out aoma mothod of cold forming plates. The only way r e  could got  
i t ,  and we 'got onto it accideatal13., was t o  draw them t o  275 Brin- 
0x1, and those platss e a t i d i e d  ~ ~ 1 1  of the standard b a l l i s t i c  re- 
quir emsn t a. " 

Dr. hwy further eZplained that in the tempring operatiofi for  190 
Brine11 harhesa tho plhte i a  held g hours at tonperatwe. MF* Tenner- 
holm usee 6 h o ~ a r  

Mr. Vonnorholm explained: 
"Dr. Qxry stated that by lowering the Brinell hnrtlnees of tho 

plata ,  he i s  able to  lovor the hardness nf the heat-affeoted znne. 
We are of tho opinion t b t  the hmdneas of the heat-affobted zone 
is more or loss in direct proportion to the mount of hea t  put into 
the plate rcgardlsss o f  the Brinell brdness of the baep metal.' 

To which Mr. Drury added! 
"Tho lower the Brine11 hardness, wo have concluded that you 

will get  a lower h~rdarred zow,  tht  is, tho maximum bmbess  of 
the lmrderned zonep As to the r a s o n  for that, I can o n l y  eXpresa 
q~ own opinion, Qht ie, whon you draw a plato t o  a low Brinell 
hezdnees, you ptecipf tn te  some chromium carbide, and if your  quench- 
ing is dons rightl you end up with a vety fine sorbitlo structure. 
In welning, you robeat thnas precipitated carblfles and i t  is only 
the alloy which goes into the solution that costrola y o u r  harflonod 
zone and if thoso d l o y e  are not diaeolvod in the welding gnu do 
not get the h r h e s e  on caoli~." 

According t o  %. Prury nickel is nnt being used for homogeneouar armor 
plata in Canada ,and with rospoct t o  t q e r i . ~  temporwturea he addod: 

nThizt varioa entirely with t h e  t h i & n e s ~  of the pl;.,ts and 
the use of the plate, Fleto is mado from l / g r  to 3", On the 
t h i n  plato, aom of that is drawn about 35 or 40 ninutss, e.baut 
1150°. On t h ~  thick plato, tho drawing tcnperst*e i s  an averngo 
of  abnut 1150 t o  1175O, and the time varies with the thfoknoas, 
Thnt is, up t o  two t o  three hoursc Tho plate is air quenched frnn 
the dmw l i  

Major Cox rejned n question: 
"ThRxLk you very nuch, Dr. m,. I t?~fnk thht tho one quos- 

t i o n  in minds of ncst  o f  us is that wo don't have quite the 8-0 



concept of  tlw hw;r&as$s of this thin plate, ar the example that you 
cited, and I think just to clarff'y that, we would l i k e  t o  know ff 
t h ~ t w a e n ' t  a rather apscial instmce,  rather thm general, In , 

other words, we don't think of hardmasea ar slightly undarm Brin- 
elltin plate around 114" to  3/Bt'. That  *ru a rather special case, 
was it not?" 

To which Dr. D m x y  roplied: 
"Well, Major Cox, f t warn j u s t  the rasult of nn experiment 

which m a  unbrtaken. It mann% on one plate.  There were 8 
plates  drawn-8 p l a t ~ u  measuring 75n x 58", which wara drawn to 
that lower Bsinsll  hardness, We don' t bolisve oureelvest tat the 
moment, that la lower Brine11 plate, below 200, w i l l  withstand bal- 
listic attack as well or the harder onor, especially at an slmgle 

attack. It wra just the result of an orpari'ment, but we aro of 
the opinion that we q drop t o  aroma 250," 

With refrronce t o  waldabllity t e a t  requirments proposed for armor sperci- 
ficbstions. Mr. Thomas explained the work done: 

"Gentlemen, I would l i k e  to rchowlodge flrst the work of the 
other people on that weldabillQ proposal. When that was firat 
written up, i t  was written \rp by me witholrt having mde one t o o t .  
It was felt by sveryoaa, including -the fabrimtors, that there was 
a d e f i n i t e  noad f o r  aomo sort of a control on w e l k b i l i t y  and we 
needed f t  fast, and in dfscuering it with r number of people, we 
Just thought that possibly a b e d  t e s t ,  such as Dr. Warner has gottan 
a considerable mount of data on, could be  a control. So, that 
Lest wrs written q, originally almost entirely on the results of 
Dr, Warner*$ work, and the credit should go to him. lh.wthermore, 
the modifications that were made in writing thnt up wara the r e  
raults of t ~ s t s  made at the Lincoln Electric bapaqv, and the pro- 
p o a d  that a Rockwell C machine be used inatesd of the lesa common 
Tickera b d n e r a s  tooter. f have beon given the credit for that 
work, and it should go t o  Ibc Wanerr end tho Lincoln Electi'fo bnr 
paw LRboratory. But, to  go into i t  further, ve did get  8 number 
of wmples f r o m  Aberdeen. Lt. Reed sent me a number of different 
plater, or pieces of plates, rrra we did nxn some t e s t a ,  in which we 
found out thbt thero were very definite flawla in the ww i t  was 
originally met up. @naeqwntly, tho copies.whioh a r e  now avail- 
able have a revision ap recommended by the Subgroup, taking in to  
account thoae difficultieo. f don1 t belime that we've got the 
final andwer, by any n r a s ,  on weldqbi l i ty  teating of  armor but we 
do have t o  have some sort of ar test and here is somathing that we 
might as well  find out whother it is any good right now* I believe 
Mr, Brabker said i t ' e  being incorporated f n the specif iclctibns. I t  
certainly w i l l  be put up before the armor supplierst committees as 
eoon ae possible and the dsta which I have and the data which other 
people are getting can be diacuased before thosie groups, I would 
l i k e  t o  urge alp. la'boreatoriea that are set  up and are apt - to  nta 
into  different l o t s  of armor plate o f  different claseeo, that har 
a uontrol on whataver tamting they are doing, that they run this  
waldability hasdnesls m o y .  We a r e  contiming the work on i t  with 

-210- 



the idea of seeing whetw the t e s t  is ally goad, f think: the work 
t b t  same of tha fa3riatars who are making up welded, joints a15 
the time should keep in m i n d  not only whether the test fs any gooh 
but whether t h ~  llmits that are speaifled are correct. They are 
making up weld& platea a31 the time, and if t h q  Peel that the 
difficulty thely are getting into irs on aacount of armor, 1er.t;'~ f ind 
o u t  what the hardemability by. welding of the plate is, and aoa- 
sequent* f ind  out  whether the limits whioh we have erpeaif ied in 
that t e s t  are a t  isfactary. I think; probaaly in am tber month or 
nix  weaks we ought t o  h m  euffiaient data t o  prove ape way o r  
ether whether that t e s t  w i l l  be an adequate Control for weldabilit~.' 

Qpies of the proposed test epsoification batte been distributed* LC. 
Werig referred O;a a proposed tantative specification for radiography kaom 
aa XXS-71 for c a ~ t  B m r  68 an attempt to devise a method of  aoceptace 
without so meh b d l l s t i c  teating, It was indicated d a a  that shndaxdiaw 
t ion  of  a uhock.trast was in progress at Aberrdeen Pravin$ OTound. Lt. Reed 
discussed this activity for armor l q f 2 "  thlclr. 

frt. Reod commented ss follows: 
'Through the full c a - o p d e o n  of may people who reellas 

that a shock projectile, angle and velocity should be based on 
our equation; those people, realizing t b t  they didn't learn too  
much by shock toate  that we amst  got 100% paan on the  hock, 
concluded that somethlag that d?dntt tend t o  penetmte aad tried 
t o  expend dl its enerm on the plate would be more owaossful. 
IVe tried that prbjectile with very good results, Mr. Vspnerholm 

\ 

over here said he didn' t have, any eancqtlon w h a t  he wanted t o  
nmka in armr plate until  it had b w n  shot by that pmJeot%le, 
and f i n a l 4  we have standardissd on a hot r o S l d ,  1120 me, $.A,& 
1120 Qpe steel, Piftsern-prrunds slug. 1 notiesd the kufacturexel 
hbgroug recanmended three rmnb at 1200 fee t  per eecand a d  we 
axe at present using two rounds st 1100 and one round at 1250, 
If the manufacturar~ want us t o  shoot three rounds at 1200, and 
feel that the rasulte we w i l l  get with three TO-a at the s e e  
velocity w i l l  be comparbsble t o  the results we get with two rounds 
at 1100 and one at  1250, that w i l l  be perfectly ostf sfactory with 
Wr fl 

kcord ing ' to  Mr. &,use, a 57 m. slw of 6 11. is t o  be wed on I" plater 
Upon being questioned with reference t o  1 /ZA eIpa 3/bU plate and the t s e t  t o  
be used, Lt. Reed, admitting nothing was being done at present, rerrmrked ae 
fol lows: 

"Tbtls wiv I was ao w i l l t n g  this morning t o  let someone 
elae test face-hardened armor  plate, I do not h v e  auffloisnt 
faith in the caliber -50 =chine gun 'ourots as a. ~lhock test l  f 
don't l i k e  t o  use 37 nrm, b , P ,  at an -la, nor do I l ike to use 
a 37 mm, Tap. proJectile which, a t  the velaeity t o  give ahack, 
either ~lef :VJL considerably or else penetrate@. 

Lt. Reed cont1l1dt.i his renark. pertaining to the mechanics of plate deform- 
t ion: 

"well, t&rela a question thare that I don't think we have 



thought enough about, and that i e  that we use a 36 x 36 plate c o w  
sietently, but is the beam structure of the plate consistent? Is 
i t  true that the maxfmum f i b e r  stress on a t h in  plate  would be l e s s  
than the maximum fiber streas on s thick plater, for the same dafor- 
mation? 1 think that there are men in the room who have 1-1/2~ 
welded plated, who have had a dish considera%ly @eat ar than 1-9/16". 
We have made washbowls out of some of those plates without crackfng, 
and then again, 1 don't think that the t e s t  on the plate is ade- 
quate. In other words, you are going to have t o  give the light 
plate in that hrge sise much more deformation before you produce 
the conditions that you are requiring in the 1-1/2" plate, but 
we're so inconsistent I don1 t know why we should try to be con- 
s l s t e n t  in that," 

The question of the next meeting was discussed and Major Cox suggested: 
"We still have to have a reason t o  hold r meeting. we 

won't jut hold rr meeting unless we have gomething t o  hold a 
meeting f o r ,  a d  we need results from the ~ulgrottps that have 
been formed They have programe ahead of them. Why don1 t we 
leave the qveetion o f  the next meeting and the place of the next 
meeting open, and we can settle it later on," 

Major Cox then brought up the question of Chairman of the $ubcomittae: 
"Now, t.bt abut aleare np the echeduled portion of our 

agenda, but there 2e s~till ane topic that i s  not on your printed 
agenda, end that f a  the question of your Chair-. h e  to the  
fact that your preeent Chairman is going t o  have a l i t t l e  dif- 
ferent activity, he i s  going t o  step out o f  the Chair and in eo 
doing nomillate Col. H. H, Zarnig, who is Director of the kbora-  
tory at IUatertown Arsenal, as PUT next Chairman. Gentlemen, I 
recommend him highly. He has a vast knowledge of the background 
of these thing& and when you get  to know him, you'll thank me for 
nominating Col. Zarnfg. II 

There were no other nominations rind Col, Zornig was elected. After R- motion 
by Mr. Thomas: 

" ~ e f o r e  we adjourn, 1 would l i k e  t o  make one other motion-- 
that. thi& Subcommittee, by R r f  s i n g  vote, express its apprecia- 
tion t o  Maor Cox for his able direction of the work of our meet- 
inge. " 

The meetfng was adjourned, fol lowing the  reading o f  a telegram from the 
past Chairman, k1. S. a, Ritchie: 

"Your kind sentiments recorded at last meeting and reported 
in Mrr Bibberle l e t t e r  noted and appreciated. The feeling I s  
mutue~l. 

Sfncs t h e  previous meeting on 7 January, Col. H. H. Zornig had taken 
over as Director of fiaboratory at Watortown Arsenal, rsplecfng Cola SO 
Bitehie, and as euch became the  logflca choice as chair- of the Subcow 
mittee, Bleo,  it was apparent from 14r. WhPtnwts remarks that since the 
previous meeting of the Subcommit t ee  the W a r  Production Board had .mde a 
vary comprehensrive study of tha m e t a l  a l l o y  stockpile in the uni$ed States* 



@ Baoauae of limitations in supply qf certnih alloys it appeared that 
industry must f ind ways and JMCMS of merking iaxmor with leas alloy. 
This trend should facilitate the prdblem of fabricating armr by weld- 
ing, It was also evident that the fabric~tors were bcscornfng very 
critical of the Ordnance Departmest's method of b a l l i s t i c  testing their 
weldsd tea t  plates, particulaxly facwhmdened armor. As a result a 
pace-Hardened Armr Fabricntor~ Grow was o ~ g a n l g ~ d  and the Resaarch 
Program Group then chne t o  be known ae the Hompgsnsou~ A r m a i  Fabric* 
tors Group. This a l s o  was the first Subcananittoe meeting t o  be held 
on Sun*. 



EIGWTH MEETING 
SUBCOMMITTXE ON a D I N l f  OF MWB 

SUNQaY, 21 nm 1942 
HOT& S'PATLER, DECROITI MICHIGAN 

The eighth meting of the 6ubcommittea was held in DsCroft on 21 
June 194-2 at the Statlsr Hotel, with 135 pereons in attendance repre- 
sent f ng: 

Fabricator8 41 
Armor Producers 4 
Jaectroda Manufacturers 
Ordnance Department 

36 
21 

k m y  Service Fomee H e a d ~ t e r a  1 
U a  S* 
W a r  Production Board 

3 
1 

National Research Council 2 
Gueets 26 

The meeting was opened by Col. krnig, Chairman of the Subcommit tee ,  with 
introductory remarks: 

n&od mornfag, gentlemen. f hope everyone here has eigned 
an attendance slip It w i l l  dispense with the neceeaity for 
calling the r o l l ,  if everyone has signed q. If not,  w i l l  you 
plerarg raise your hand? Is: there anyone here who haant t signed 
w? We will have lunch in the next room, and a l l  those who e~ 
pect t o  W e  lunch here have, indicated on their sign-up s l ip ,  
so there will be lunch provided for each one o f  those who has 
signed up. I want to  call attention w i n  to the fact that tho 
welding of amor is r subject which is on the raatricted list, 
and you shou2d gooern youreelves accordingly about discussing i t  
outside of thie, meetingon 

After waltomittg the repreaentativee of the British Army Mission as m e s t s  
of the meeting, Col. Zornfg briefly discuseod Subcommittee organiaation 
and changes which had been planned since the last meeting: 

'In considering tho volume of the work that i r  coming through 
this committee, it has been decided to organf ze a small Specicatfon 
Subgrow which w i l l  have on tt  one-hambe? from the Hornogeneoue 
Pabricatorsl Subpup,  one member Prom the Facehardened Fab- 
ricators' kbgroup, one member from the Electrode Subgroup, and 
men from the Ordnance Office who have the power to make epecf- 
Picatione or write s p e c i f l c a t i o n ~ t h e  idea being tbat Rfter tbs 
speoifiaetions or features of tho specffications have been die- 
cueeed at the larga meetings, that we have n emall group of thoee 
who c m  reprerant the industry, and those who represent tho Ord- 
name Department, which can be co3leB together quickly to do 
something about it and f in ish  the matter up. If there are aqy 
objections t o  that scheme, I would l ike  t o  he& them, I fake it 
t b t  you w e e  with that, 

%ow the metallurgical rosearch work of thcr N. D.R. C, has been 
turned ovsr t o  a branch of the N.R.C. and they hatre organized a 



section in which Mr. Mikhalapov is the sugervieor of the welding 
research, Mr. Mikhalapov is here and is a member of t h * ~  commit- 
tee, a d  later on w i l l  t e l l  us what they are doing. He comes t o  
the cammittee meetings for the purpose of reporting w h a t  progress 
has been made--when progress has been mado--and t o  aee what prob- 
lama need t o  be workod an. In order t o  hel? them out as much as 
poeaible, and give them some direct contact with 1q.R C., I think 
we ought t o  s a t  up In th i s  committee a Rosaarch Subgroup on which 
again we w i l l  have one member from aach of the Pabricators' Sub- 
groups, and from the a e c t r o d c  Subgroup, and the people from tho 
Ordnance Department who & a  cbncernod with it, who can furnish a 
direct pipa line, as i t  were, t o  roeommond resewch problems t o  
N.R.C., which may originate i n  this group, Are there any objec- 
t i o n s  t o  thnt addition t o  o u r  organization? If not, I w i l l  con- 
sider tL%t it has been approved. 

hasto a Gubconmittee on Rosistanco %lding, separate from 
this Subcommittee, It was thought origina'ily thnt the tank 
buildoss probably ~rould n o t  be intel-cstcd in using resistxnco 
welding and tb.t the aircraft pooplo tvould only be interested in 
tkt. fIOw~ver, it turns o u t  tkt rosistwco welding, spot wold- 
ing, f lash welding m a y  become decidoly of intersst t a  t he  t ~ n k  
builders and combat vehicle builders, 2nd mc welding m y  become 
of decided in teres t  to the si rcraf t mn~3fectursrs. Theref ore, it 
seems it WY be desirable to malgunfita the Subcommittee on %- 
sistnncs ?hldin$ with this Subcommittee, satting up in it a s@- 
arate group, and t o  ask aircrsf t armor fabricators if they care 
to ,  t o  join th i s  committee with a scpsrata subgroup Of aircreft  
armor fabl'icstors. I propose t o  go nhond with that unlese f bear 
objections to it. Do 1 hear objections t o  t h ~ t  pro-pas~l? If not, 
1 will consider thn t  you w i l l  agree with mo on tht .  phis w i l l  
t a k e  some l i t t l e  t ine  to g e t  th i s  a l l  zrmnged, but f think i t  
w i l l  rovide much better f a c i l i t i e s  for the oxchnnge of informa- R t i on .  

89 a result of this proposd the  f o l l o w i n g  Groups ware organized and s e t  up 
f n the Subcammi tt ee organiznt ion  as announced by Col . Zornig: 

Specif icn t io  n Group ) 

C~lptain 3, V. Coombe (Chair-) 
Mr. BI J, Trautmn 
Mr, A, L. Abtott 
Mr, 13, H. Rutishauser 
Mr. E. Brooker  
Mr. E. L. bllnw 
Lt. W, C. Resa 
Mr. L. ffarner 
Lt .  A, F, Boueher 

Research Group: 

Lt. Col. J. H. &yo ( C , h i r m n n )  
N r ,  2. A. h s e  

Off ico, Chi af of Ordnnnce-W~shington 
WInm Standard Car Wg, C o q L q  
Diebold Safe 8* Lock Company 
lkrnischfoger Corpora t ion  
Office, Chief of Ordnance-Washington 
O f f  f ca,  [Ihief of Ordnance-Iqashington 
Aberdeen Froving Ground 
Tqatertown Arsenal 
Tmk Bngineering Off ice-Detroi t 

Off f ce, Chief of O r d n a n ~ e - ? ~ ~ ~ s b i n g t o n  
GMC, Cadillac Motor Cnr Division 



- 
Research Group C cont. ) : 

kr. 2, J, Smith Mnrmon-Herrington C o q z y  
kr. 11, I), Thoma, Jr. Arcos Corporation 
k p t .  J. Vd Caombe Off ice, Chief of Ordnance-WashOngton 
Mr. E, Brooker Gff i ce ,  Chief of Ordnm~e-~~?nshington 
Mr. Sidney areithart Aberdeen Proving Ground 
Mr. l.3, LA \lamer V!~,tertown Arsenql 
Elr. G. S. Mikh:dapov M ~ . t i o n d  ReseFrch Council 

bsis thnce  T*Talding Groun: 
Idembership to consist of the members o f  the existing Subcommittee 

on Resistz.nce "felding, 

Afrcrfif t Armor FaBr icators' Group: 
ldembershllp to- consi~t of representntfves ~ ~ p p o i n t e d  by the various 

aircraft fabricating comp~,nies t o  the Sub commit tee membership, 

Following the remarks on subcommittee organiz;atilon, Cal. Zornig continued a 
discussion of the general armor coqositions currently being produaed: 

"The cast armor mnnufaeturers hme prnc t ical ly st~ndnrdized 
on the coqositions they w i l l  use. All of you, more or less, know 
w h a t  they are1 I don't cnre t b  t ~ k e  up the time here in going i n t o  
the details of each manufaaturerl s compoeitions. You a11 khow they 
have gotten down very low in alloys, that the armor is strict- 
ly a wate~quenched job now - ns drnstic a quencrh an they can get. 
I think a11 the draw t e q e r n t w e s  are wal l  up along 1100. Unless 
something comes up which we don't know zbout now, the cast armor 
people will probably .keep along on production on the conposit ions 
they are now ueing. I sea nothing in the immediate future on which 
would U ~ S ~ W Q  tbt. 

"Tho f e.ce-hardened armor producers n r e  gettf ng pretty well 
down toward 3% nickel, and w i l l  try t o  g e t  down mother per cent 
of nickel, The other nlloying element will vary with the mnu- 
facturer, but there  roba ably will be only two, more of leas, standL 
nrd types of face-haydened nrmor. 

" Y i t h  the homogeneous ro l l ed  armor, there hre  two types which 
seem t o  be in the w a y  of becoming the standard types.  One o f  them 
is the manganesa-molybdenum tpao. There w i l l  be small v a r i ~ t i o n s  
in cornnosition in th~.t; find the other one f s the snit-and-~epper 
t m e  with a l l t t l e  of mesything in it - chrome, mrsngnnese, moly& 
denum, Some of them h v e  a I f  ttls nickel in it. Thht w i l l  vary 
f rom mnufzcturer to mnufncturer, depending upon his scrap p i l e  
find h i s  furnace squipment, and athnr locaJ  condi t ions ,  But of the 
d l o y s  or the elements, there will probably 'De not much over 1/25, 
if any aver.l/2$. Just when they w i l l  get  i n to  production on the 
f i n a l  coqae i t i ons  t h t  are now being considered, I don't know; 
but it w i l l  prob~,bly be ssvaral months before they get r e d l y  in- 
to production on these extremely Low alloy steels ,  For the present, 
they are working down on certain int wnediatd compositions. " 

-Following t h i s  ?wnmary, Mr. 'bileon of the llfbr Production Board g ~ V e  n 



- 0 brief summary of the a l l oy  situation: 
"&e nickel s f t&t ian  is more or l e s s  unchngefl. Chromium 

is probably easing a l i t t l e  b i t  a t  the moment. Ye w i l l  nrabably 
a1wa.y~ have trouble with vanadium, beceuse that is, in the strict 
military sense, a stfategic material - it comes over weter. L ~ s t  
month we didn't get a boat; this month we did.  The situation with 
r e g 4  t o  molybdenum 5s being considered very seriow at the mom- 
ent .  kt tungsten is probably ih a l i t t l e  better shape now t h a n  
it was six months ago. The mngmese aituatioa is n o t  in such a 
comfottable position as i t  was. Ve w i l l  have t o  be careful t o  
husbahd the manganese we have if we have large demands on that  
element for armor plate, helmet steel ,  or for use in mgnetic 
mines. Finally, silicon - we have an unf imtted supply of the 
r ~ , w  material- f t  is a matter o f  supplying electric furnaeee, 
and if we use the electric furnaces t o  produce mare ferro s i l i -  
con, it means we w i l l  be taking thet furnace capacity away from 
chromium. I would l i k e  t o  point out t h t  when we igciicate that 
National Emergengt steels are to  be used, no virgin nickel o r  
liew vanadium i s  issued for the manufacture o f  thasa Wpesr The 
nickel must be gotten out of scrap an hand or from other sources, 
Tho*e al loya are, in the s t r ic te r  sense, a good consertr~tion.  
They contain half chrome and half nickel and some molybdenum. 
Along the same lPne, it looks l i k e  we have in prospect other 
f i e l d 8  even leaher i n  the t o t a l  d l o g  content, but there r211 be 
atill this mixture of chromium, nickel and molybdenum. It is pro- 
bosed t h a t  these still lover allay steels  w i l l  contain prob~bly  
about .25 nickel, around ,25 chrome, find +20 molybdenum, mr 
feature a little higher manganese, and w i l l  be over that,  with- 
out moly'bdennrn - probnbly 0~5%. 

"?inal1y, f would. l fke  t o  tell you the good new$, that 
we have en a l l o y  scrap segregation order i n  2bO. The p m o s e  
of this order is t o  compel the accumulation of Scrap, even ifi 
camparativaly small amaunta in the b d s  of producers of Berap 
--tht would be the peoble who do machine shop alcleratibns or col- 
l e c t  forging scrap a t  the farging ahop. The herap is t o  be s e E  
regated according t o  Compsltien, and we &ue graup3ngs for the 
alloyed irohs add dteels.  ?his is eignif icnnt because us 1 men- 
tioned a little earlier, we aye not allowin& the use of virgin 
nickel f o r  the manufacture of the National &ergency chroma- 
nickelqolybdenwn steels.  Nor w i l l  we issue new nickel  for &JU~ 
of the other a l l o y  combinations that I j u s t  rnentioaed ~8 being 
p o t e n t i d :  analyses. This  means if the s t ee l  mills want it, and 
don't b v e  the chrome-nickel-molybdenum screp or nickel scrap, 
they can buy t h i s  materid. which is being collected on the mar- 
ket. The 0 .P .A.  has priced these different scraps according t o  
the combinations, As you know, the nickel md molybdenure are re- 
covered with very good efficiency. The prospect, for example, f n  
A-P* bul let  core, where we have a very big tonnage, it looks as 
though, in a rough estimate, that two-thirds of the steel being 
aupplied as shot bms and being machined, that we can probably re- 
cover 1,000,000 lbs. from that source a lone  by R careful ae le t t fon  
and segregation of this scr~p.  n 



In answer to a request about titanium 1 4 ~ .  IVilaon replied: 
"As between columbium and titanium we have been a l i t t l e  

b i t  bothered t o  know which w a y  t a  j q ,  AB far a~ columbium 
and titanium are concerned, there is probably m even division 
of those types now. The reaent tendency h a  been t o  s h i f t  
from the columbium 'type into titanium. If you recalli a year 
ago, there was a shortage of nickel and people rushed i n to  
chrlome-molybdenum, and as a result ve had a pretty bad chrome 
shortage around the turn of the year. Since then we have ad- 
vocated the sh i f t ing  from tho chrome steels to the molybdsnum. 
So w h t  we have to do now i e  not to  make extensive and sweep- 
ing changes, and keop a balmas al l  the while i n  the uee of 
these matorinla. T h a t  applied to the aolumbium And titanium 
situation as w s l l  aa it dooa to tho othor alloy metals." 

Ia anawer t o  requast about chroma and nii=kel for weldirg  elactrodea, 
Mr. Wilson replied: 

"We are considering the chromium end nickel burden for 
al l  usere, md  I would surely not  be in a position t o  shy what 
the situntfon would b e  with regEcr'd t o  that subetitution.  The 
point o f  v$ew that X hzve given here n t t w p t e d  t o  allow for 
the use of chromium m d  niakel  in the use of stainloas welding 
rod, Now, o f  course, as long ae wo h ~ v e  those extensive uses of 
chrome and nickel, t b t  w i l l  be a big factor in the picture. I 
would be inclined t o  think that whtever the e i t ua t fon  was .sm- 
era1 moathe A ~ O  with regard t o  tho uae of t h ~ t  etainlees wold 
rod, probably daonlt beon chnge&I1 

The connection betwood WIPB and A r m y - N A ~  Munit ions Board was e q X ~ ~ i n o d  
by Mr. Wilson with respect t o  chrome and nickel control: 

"In that particular caso, I w i l l  say thPa, that s h o e  t h e  
Pb.391 has come i n to  use 'for the control  of melting schedules 
in the steel mills, our working ~graament i a  much better th$n 
before, and in faot, we are bottar acqminted with w h a t  each 
group is doing now than horetofore. With regard to tho limita- 
t i o n  of 10% fmtu' nickel, t b t  wag 1311 attempt t o  conserve nickel 
la a s i g n i f i c a n t  way, where it appeared it w o u l d n ' t  be doing 
anything detrimental i n  the prosecution of  thia welding program 
on tank armor. As a matter of fact, we made provision for giv- 
ing relief ,on thst 10% 'mart nicks2 as soon a. arrangements m e  
made*. It is a l so  understood that ns Isoon as experience is gained 
in the use of this r~atorial, -be tho l i a f t  a n  ba lowe~ed t o  
a rmge like 9% to 11.50, or 8.50 t o  10.0, If thnt  1s going to 
come about progressively ae a result of your work, we are nst 
going t o  intsrfere wi.th tho delivery of aickel i n  the mantine." 

Mr. Chyle propoeed a question: 
"In some reapecte the use of vemdiun i n  high tens i le  steel 

electroaea ihl ahaolutely necessary. 1b kpow of no othor eub- 
s t i t u t e  for this element, Ilhe quantities of f e r r i t i o  vtmadium 
used are small. 1 think 5000 pourade to 10,000 a year wouLd t a k e  
c&r@ of must of the electrode requirement- f a  i t  possible to get 
4 b t  minimum amo.rxntln . 



Mr. Chyle furthar explained that vanadium is usad in  high tsnsile eletct- 
rode coatings i n  eunounts: 

"I believe on the basis  of full  weight of slectrodsa it 
would be about 1/100 to 11500 of  19." 

This electrode is  used for  ~ i r c r a P t  work as explained by Mr. Humberaatone: 
"One o f  the greatest u e a  at the present time i a  in the 

aircraft industry where they m a  d t e r  high tensile and high 
yield.  &tar  the welding is dope, the final assembly has to 
be heat-treated..  I t  5s and kas been used f o r  quf t e  a 10% time 
in that particular applicertian." 

Mr. Chyle further explained: 
"We regularly make reports to the welding section there, 

t o  the WB, in which we tell them the amount o f  rode we mmu- 
facture containing vanadium, 5 think .O'J is about the amount 
we are using at the preaent time f o r  coating. And we give 
them all thoee figure8 and report on our  -plies on wd month- 
ly. We have also written a letter to them explaining rctthsr 
fully j u s t  how it is used, and w h a t  per cent i a  l e f t  i n  the 
weld, and the whale picture. You will find that on f t i l e r  Of 

- course, we run pretty much on prioritfes  and beyand that i t s  
application i s  governed, f 'd  my, by the individual manuacturer 
i n  recommending where it is t o  be used. Otherwise, we don't use 
i t  indiacriminataly. There is a definite  use, and definite  ten- 
sile~ have t o  be required in order $0 use that- O f  course, the 
price will govern the me t o  a aortain extent. Nobody i s  @fag 
to use that kind of er. rod men we f ind  aomething cheaper t o  dn 
the Job.'' 

To whf ch Mr. Wilson replied: 
''1 w i l l  be very glad t o  carry that story t o  the A F W ~ B ~ W  

Munitions Section, and the Board." 

Mr. &Dowel1 reported on the meeting of the Homogeneous Armot Fabricators 
Group held the day p r ~ i o u s l y :  

"rior t o  the meeting of  our Subgroq y e s t e r w ,  two pre- 
vioue meetings bad been held in the eer3y part of June - June 1 
and g t o  be faxact, here i n  Detroit * and thew two meeting8 were 
held for the purpose o f  stan&ardizatisn of plate e%e prepara- 
t i o n  on the Medium Tank  M-4, Prior to thf s tine, of the sesrerral 
fabxic~tors of the Medium Tank M-4, there was considerable varia- 
t ion i n  the plate edge prkparatiori used by thb di f ferent  fabrf ca- 
tors, md consequently this imposed a considerable hardship on 
the armor plate supplier who was forced $0 make, i n  h ie  f l -a  
cutting o f  the plates, different templatee for all the different . 
fabricators that he was supplying. And in these two meetiwe, 
the fabricators of the Medium Tank bb4 agreed on the $tanbra 
plate adge preparation f o r  the mjority of the plates  on this 
particular vehi~le. ' A t  the preeerat time the otandsrdlzed draw- 
ings axe being prepared, Rnd. probably w i l l  be in uso in the near 
future. 

Subgroup warrat on record as being of the opinion that 



the shock t e s t  on the 1-1/2" p l a t e  as now specified i n  AXS-497, 
revision o f  June 1942, is too modest a requirement and i a  an 
inadequate measure of performance as regards the quality of the 
jofnt. This oomit tee  recommends that the t e s t  sha l l  require 
a minimum of two impacts wi thin  the  specified areas, but with 
one impact registered on each leg of the apecimenr In regard 
t o  the ahock test on the 1" homogeneous plate, the various fab- 
ricators wore of the opinion that the present t e s t  using the 
75 m/m slug was too severe. Work is also  being carried out on an 
explosive teot ,  w i n g  dynamite as s moans af  supplsmenting tho 
presont ballistic test .  Now, t h i ~  exnlosiva test is by no means 
planned to do away with the ba l l i s t i c  t e s t ,  because it  i s  a known 
fact that it i s  impoesfble t o  exactly duplicate tho result of  the 
baJ.listic t e s t .  But t h i s  explosive t e s t ,  if i t  can be worked out, 
would  be used t o  t eo t  miniature specimene of a welded jo in t ,  to  
give the fabricator an idea o f  the quality 09 tho weld without 
the necessity of rmkfng up a complete t e s t  p ln te  f o r  t he  b a l l i s t i c  
tost .  

"With regard t o  ~ u t o m t i c  welding, it was brought out that 
several of tho fabricators are using automatic welding a t  the 
present time, and production and advancemant along that l i n e  is  
being ~ccompliahod every day. However, at the present time, i t  ie 
l imited moatly t o  tho thinngr plats sectional. V e r y  l i t t l e  work 

, has been done on i t  - I should say very l i t t l e  work with approci- 
able succ~ss h a  been done on the heavier plate eection, Also, 
i n  regard t o  electrodes, the s p e c i f i c ~ t i o n  for electrodes f o r  ar- 
mor p la te  welding reoently drawn q by tho Gomral Motore Organ- 
i z a t i o n  was discussod st the meeting and tho Group went on record 
a8 being i n  f a v o r  of the adoption 'cry tho fabricators of tho el&- 
troae specifications. In regard to  welding procedure, it hae come 
t o  ths attention of  tho Subgroup t ha t  extra l e g a l  r e s t r i c t i o n s  
have been locally preecribed regarding welaing -procedure, and it i e l  
therefore, recommended t h a t  welding of armor bo controlled by, a d  in 
view of, AX-7, o f  the latest revision: fur ther ,  that th i s  sub- 
group recommends that any B U C ~  1 0 c d  r e s t r i c t i o n s  be immediately 
withdrawn. 

The Group a l s o  recommonda certain changoa in AX6-497, draft o f  June 1942, 
according to Mr, McIbwcll: 

n0n p ~ g o  6 of the specification, paragraph F-2b(l), the r 

Subgroup recommends tkbt this pe-ragrnph kc changed t o  read 
as followe: 'Thore e W 1  be no o f f f  cia1 Ordnance DepRrtment 
qualification of welders, this being the responsibi l i ty  of  the 
contractor. Howover, the Otdnrtnoe Inspector will. be assured by 
the contractor that the welders are q u l i f i o d .  Each welder shall 
make one butt wold, 12" lbng, between two 1~12x4" minimum plntes 
of  mild steel o r  homogeneous armor which s W 1  be radiographed 
and judged by the standards of WXS-171. In th i s  t es t ,  the welder 
must use the same welding procedure as f a  ussd in preparation of 
the qualification of procedure t e s t  plates. The welder qualifica- 
t io l i  t o s t  plnte shall be made in that poof t i q n  corresponding t o  the 
pos i t ion  of welCing o f  procedure qualification welds. 1 



"On page 4, p aragrapb %2c and &2e, the Subgroup redommends 
that these t w o  paragrapha be deleted from the specification and 
that such i n f o r m t i o n  as is d e d t  with in these two pmagrapha 
should be added to tho drawings of the vehicle in question." 

These paragraphs refer t o  bevelling of tee  joints  on thicknesses 
above 1/4" and minimum s l a e  of f i l l e t s  on bevelled joints respectively. 

With respect to qualification tes t ing ,  the Group recommended: 
"The Subgroup also k.ecammends that the qualification of 2" 

armor for tho k e a v  tank contractors bo doloted from the speci- 
fication, It was the consensus of opinion t h t  if the procedure 
was querllfiad on the 1-1/2" plate, that the pmceduro would also 
apply t o  the welding of 2" th iak plate* In th ia  latest revision 
of the speeeficatSon, tho composite teat  plate of calst and homo- 
geneous armor has been deleted, md in its place the fabricator 
l a  required t o  mike one of dl oast armor, and one ~f all rolled. 
I t  was the conmnsus of opinion of the Subgroup that tho composite 
plat0 made q both ro l l ed  and cast plate should be inserted i n  
the specif icatlon. I' 

Upon itiqufry by k j o r  Ri~hardbog aa t o  l o c a l  restriction reforred to, Mr. 
Mclbwell remarked: 

"Tho restriction rafetred t o  was a restriction placod on 
the use of the size of electrodes which order was put out by 
the Philadelphia O~dnnnco District .  It restricts the a ize  o f  
the olectrado to, I thf nk, 5/32" in certain application~r. 

In connection with the e w e s t i o n  about ba3list'ic t e s t s  for qualif fcatione, 
Lt, Ress remarked: 

" b l o n e l  Zorbig, Mr. WcDowell referred to the fact that it 
was the opinion that present t es ts  me too severe at 1100 f/s. 
k t h o r ,  i t  ian' t too severe you said, I can' t agree with hi111 
there so far as the t e s t  ia concerned for qtualiffcat ion,  This 
t o s t  was s e t  up by a long procedure of firing a great num'bot of 
t e s t  plates. We started of f  using A.F. azld ffnallg got over t o  
s o f t  projectiles, and finally got  fnto ro l led  aluge because it 
didn't break up. And we f i red  at first two  rounds a t  1100, a d  
one at 1250 which, as you q g h t  e q e c t ,  broke up most of the t e s t  
plate$ before we were through firing. ff it d i d ~ ' t  break i t  fn to  
pieces at least you g o t  a lot of cracking, And we were able t o  look 
at the weld and aee things fnsida of 1;hem t k t  we don ' t  see now. 
We cbuld see la& o f  penetration, and lack of fusioa, or any other  
defects much "otter thdn you do nm undor the present t e s t ,  But 
i t  was rather hard t o  judge, when the pl~tes broke up tbst bad, 
whsthor one plate was better than another. So it was recammeruled 
that we try something else, and etarted dhootfrg one r o a r  I 
believe, at 1200 f/s, and we tried that a while &nd there were 
again plate failures. I don' t know whether i t  wss due t o  the ar- 
mor plate coxrpogition we were getting, or whether it wner duo to 
welding heat, but we were getting t o o  m m y  plates broken up and we 
w r a  continually asking the manufacturere to .reweld the pzwtos md 
eubmf t them w i n  -. whlch is a waste of tlme and money. 60, on the 
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basis 6f the two t y p e  of t e s t  performed in the past; we have 
recorded data for each one of thme plates, and we knmw what 
happened after each round. We gut down the amount of cracktng 
we had an the f i re t  round at 1100 f a and the second round at 
1100, and the third round at 1250. We could back aver the 
records and determine just how much craoking we might expect t o  
get if we fired one round at 1100 f/a, and hoot much we could ex- 
pect at 1250 f / e .  So we made EL summary of a l l  of that, and found 
if we s e t  the l i m i t  for cracking at ~ 8 ~ '  - st which i t  now atands - we w i l l  elininate about 1€f$ of the tea t  plates ~rubmitted. $hat 
was #coneridered as a reasonable figuro, and we didn't want t o  re- 
j e c t  too  mhny because, st8 you know, we n ~ e d  all the production we 
can get, and a t  ill we ldf dni t want t a  l e t  the  p a r  welding tech- 
nique go through. So we determined avwhere f rom 15 t o  20% w s  
a pretty good figure. lQc s e t  it q at 18" and fired one round at 
1100. T h t  is the way it is cnrried qn nowolf 

Lt. Pleee  further stated t h ~ . t  Aberdesn Proving Wound is working on 
devolopm~nt of a 57 mrn. t e s t  for 1" plate, It is p l s o  questioned RS to 
the  value of testing a plcte welded o f  met and r o l l e d  armor. 

On t h i s  p o i n t  Mr. Broohr commented: 
"The present specif i c ~ t i o n  c ~ l l s  for ona W p l ~ t e  of a11 r o l l a d  

and one a f  n l l  cast ,  The p o i n t ,  I bel ieve,  that h s n t  t been quite 
as much amphasizod ae it should have been, is the fact  t h t  cast 
armor doeenbt hnve the ehoek rosistanee of ralled -more When you 
shoot a composite H plhte you can't i n t a r p r a t  your results. This 
plata isn't m h  goosunlerss you CM base some dacent judgment on 
it, 'I 

Mr+ Dfabold raisad n question: 
"If we are going t o  h ~ v e  c ~ . s t  t o  cnet and rol led to rolled, 

and the cast doeanit s t ~ n d  up as w s l l  as the rolled, or me you 
still going to shoot at $ha saune volocity  st cast as thfit of  
ral lodt I' 

To which Lt, Pless raplied: 
"The only solution to that 5,s t o  shoot tho cast at the veloci ty  

it w i l l  stand which i e  probably abut  at  1000 f /s ,  which cloesn' t 
give you a vary good t e s t  for that; but we ~ R V O  been having fair 
results at 1100 f / s  and it m q ~  bo ilro can continuo for n while at . 
tho same standard toots we use for ro l lod  plate, f f we do begin 
t o  get plate failures, we will b v o  t o  do something with tha$r 
Tor the time baing, we u o  doing pretty well  on thews-cant or 
ro l led  plates at 1100 f/s." 

Mr, %mo commented on the nttitude of  the armor fabricntoro regarding 
the single round ballistic t o e t  for qmlfficntionr 

"Rag-ding increhsing the number of .impact sp-acimens on the 
ehock t o s t ,  I would l i k e  to ndc Lt. Plnea the significance of 
t h l ~  18s rejection that they h n d  It wsa my recommendation yas- 
terby, and it was the f o a l i n g  of the fabr$cators in the Subgroup, 
th t  a s ing le  impact at 1100 f /s  can be withstood by a very p o r l y  



welded specimen. And I think we a l l  have vexy good f a a ~ o n s  for - 
feeling t h i s  way, f f  there has been ~ n y  Lessaning of require- 
ments for the p q a o e  of gett ing more welding in to  production, 
I think we are wrong. Xwerybody has t o  learn at aomn time or 
other. We have all learned the hard way how t o  weld th i s  rrrmor, 
aud there is no reason why we should now accept welding procedure 
t h t  has proven ~atisfactosy on the basis of a single impnct a t  
1100 f /s ,  when we know that procedures hnvs bean developed anfi 
proven maq times over in the past ymx and a half that can with- 
stma CWO and even throe of these 1100 f/s impacta. Perhapa I 
have not wholly undarstood tho ~ i g n i f  lcasco of  tho 18 to  ZQ$ re- 
j e c t b n  that had charaoterized the firing of the tes t  plate down 
thore, and which now is apparhntly reduced t o  zero. I would like 
to emphasize i n  Mr. &Dowall's report tha t  it was the very strong 
feeling of  a11 present a t - t h e  F a b r i ~ ~ t a r s '  Subgroup, t h a t  this 
one shot wae not enough, and that BS a control factor  for plntes, 
all of us will periodioally be resubmitting, with the changes of 
electrodes and armor composition that  s t i l l  remain in prospoet. 
and that we would much prefer t o  b@ guided by the reeults thnt 
have been nore in evidenca by more eevere testing.' 

fit. Pleas remarked i n  &newer t o  Mr. wab: 
"Anyway, t h e  18$ has beon set up becausa we had t o  draw the 

line aomewhsre, and you imve to h v e  aome figure, and that f igwe  
was set.  So the 18" was rret and it gave us 1 6  rejection, dnd 
we found that rejecting 18s of them would slimirmte the worst 
fa i lwee an4 a11 welding technique$ thnt wo should not &cCopt. 
WQ can' t g e t  porf ec t  weldf4g - everyme h6ws  tht.  Wa hhva to 
acoept same averago welding* In the last ssvaral ws&a we found 
t h t  when the o m o  technique is put i n t o  a structure, a tank h a 1  
such a8 the one aubmittad ly Republic Steel Chrpor~tlon, and a 
turret oubmitted by the Ternstedt knufacturSng Dfvi&lon, that 
the weltling w i l l  stand up much better  i n  the structure than in the 
B platee. A q r  weld that  paaaes the 1100 f / s  t e a t  will be good 
enough for arty construction. I c a  guarantee y ~ u  tht. When the 
welds are put in shear o r  tension, and they are on the e trwture~ ,  
they ahould be good. !fe find whan you put them in comprseerion, 
even though the X-ray shows them to be mther be& a good weld 
or a, bad w e l d  could stand up t o  the firing. But, if the weld is 
to be put In the shew or tension, it has t o  be good. When you 
hit qne of these i n  the ghear/ten@ion, it always breaks, That 
was true in the Republic hull that we h i t ,  and also true in other 
strwtures thnt we b v e  t e ~ t e d . ~  

- .  
Mr. B i e d e r m  further expressad a gripeabout tho single shot f o r  quali- 
f i c ~ t i o n :  

"When we f i r e d  three s h o t s  at the t e a t  phtes I think we go t  
e l o t  more information than when we started in with bur present 
testing proce-e. Our Xg/8 electrodes today  wouldn't be 16s of 

a - 
vhRt they fire if we had not gotten t h a t  information. Wo have &a 
awful l o t  of work, aad each elwctrode nnnufacturef hcs an awful 
lot of work trying t o  get  an elactrode that would give ue a better 
bond and do a good w s l d i x  Job, 1 &a1 t think we wra o v ~ r  going to 



do P good e n o m  welding Jab, and the the firing procedure 
is today, I don't think it is so much the welding technique RS 

i t  i s  tho elsctrodos. I have electrodes that pass the procedure 
at Aberdeen, and wouldn' t use them in p r ~ ~ u c t i o n .  I know they 
are de f in i t e ly  wrong, find I know that the welding Qith that elect-  
rode, regardless of how good the yroceduro, or how goo& the man, 
I s  m w .  

"Now I would like t o  see a l i t t l e  more severeness on tho 
test, There is no sense of one man going out ~ n d  fighting t o  
get on top a d  the other f ellor s%ving, IYou dont t have to do 
that - Hell, I g o t  th is  by.' I doni t think wo should stnp the 
dovelvpment, and don' t t h i n k  we s h a u d  eaee up on the t e s t  on 
thses welds. As far as anybody having trouble getting t o s t a  
pasaed at Aberdaen or anything of t hn t  dort ,  there is enbugh 
brains in t h i s  room t o  help AT individuc21 out t o  ppofiuce better 
wolds. 1 think, if t h e  condition exists where there is a serf es 
of feilures, and the company i a  in trouble, I don't see why thoy 
can't be straightened out and helped. I am not getting near the 
information on firing plntee t o d ~ ~  ~ t s  I was when wo were firing 
three shots. I don' t  know whether Lt, Plsss recalls that wa 
ware working night and d q ~ ,  and had rod manufactwars working 
night and day, to  try to  get a bettor electrode. The only reaeon 
we did that was due to the fact of the t!lree shots. If we hnd 
one 1100 shot at that time, we wouldn;l t h v o  the weld develop- 
ment where it is today." 

Hith reference t o  t w o  rnunlfs at 1100 f/a Lt. Fless r e ~ l i e d :  
"The only porjsibillty t s  ehootfng two rounds at 1100, find 

going back t o  our figuree when we were shnoting two at 1100 nnd 
one at 1250, we probably cnuld calculate the percentage of re- 
jectione that  we w o u l d  have. It has been done and I cnuld give 
you that figure. We were at one tins shooting two raun4s at 
1 1 0  and one at  the two ahnts at 1200, and one at 1250, and we 
looked at it, and we didnt t know how much cracking we should al- 
low. We never fired any welded plate before." 

Col. ~ o r k  commented on the question of cpmlif icat ian t e s t s :  kt of these t e s t  plsteo the-t you send t o  the Proving Ground 
we really get two types of information; one o f  which is whether 
tho plate shall bs accepted as qualifying n procedure, hnb the 
other i s  i n f o r m t i o n  for the manufacturer. Now, fnr some time 
when ammunition was short, thoy used t o  fire at the  Proving 
Ground on amor plate, simply rlna shot which wns at tho l i m l t  
o f  B C C O ~ ~ W G Q *  If it did not go through, you accepted the plate, 
and all the manufacturer knw was that tho plate had been accepted, 
but he didn't know whether i t  was barely accepted or whether i t  
was w e l l  over the bal l i s t i c  l i m i t .  Tho manufacturers raised 
quite a squawk about that, and the raeult was that  nnw we get  the 
ballis t i c  limit of sach plate. They fire enough shot to actually 
get the ballistic limit. T h a t  lets the manufacturer know whether 
he is way above the specifications o r  barely squeeziw by. Now " 

i t  seems t o  me that probnbly in this case, evon though you don1 t 
chasas the specifidatf an8 for aacep tance, the Ordnanca Department 



might well consider firing B. couple of mre rounds under more 
severe cond i t ions  in order t o  give welders some more informa- 
tion, I j u s t  put that out se #L thaught based upon the experience 
we have with the armor pla te  manufacturers." 

Mr, Abbot t reported on act iv i ty  of the Facehrdened Armor Croup since the 
last meeting: 

"11Fhen t h i s  Subgroup was formed and first got organized 
and went i n to  the problem of welding face-hardened armor, and 
began to analyze the work that had been done and the possibility 
of quite a b i t  of work that was bofore us, we r e ~ l i z e d  that'we had 
an entirely different problem in the  welding of fEca-krdoned 
armor than  wo had in homoganeous matorial, inasmuch c~ to begin 
with we had in effec t  a by-metal product. In ,other words, n. 
materid fa which the carbon content on one side was low, and 
of whnt we c d 1  8 weldable content, w d  on t h o  o ther  side it Tfas 
rather  high, h r d ,  and W e r  ordinary conditions not weldable* 
We had quite n problcls connected with th,t in tb.t the face- 
hrdened mtericrl is deeigned arimrily t o  stop high veloc.ity, 
smll-typo pro j ec t i l c s ,  rather than the lcrger type of projec- 
t i l e s .  80 it became a mhtter af ballistic penet ra t ion  rather 
t h ~ n  n matter of shock." 

Mr. Abbo tt explained that 'by collaborntion batwoen h i s  compmy, Mnrmon- 
Herrington, md Chevrolet a l o t  of b a l l i ~ t i c  test ing of welds was dons and: 

"1 imagine in a l l  we have tested u?wnrds of 125 t o  150 
joints, Ebth t h t  data before us, and reviewing the summnry 
of the old data, there were several questions in our minds 
that were answered, and quite F, number, of courso, th-.t vers 
umnswered, If we go back on the controversy of 1.relding r,nd 
which is one of the first things, I think which w s e  in 8 degree 
answered in our minds, referring back t o  the records of the Die- 
bold Safe nnd Lacl: Compnny we found that wo W e  good joints  with 
25/20, 25/12, md I X / ~ .  Ye further  found that the so-called 
mdif ied  18/& cs it is cnlled tomy, does no t  gfve aqy better 
k u l l f e t f c  results than any of tho rods we hve t r ea t ed  before. 
Nor d i d  we f i n d  in our  private tests thnt  the b n l l i s t i c  tests 
on any of the joints were any bottsr  than thep were beforo. 

"Thon tho noxt problem was to more ox l e s s  standardize qn 
the  18/a rod bccnuse that  reprosenta the lower chemistry, and at 
t ha t  time the problems of the strntegic metals were comiiw i n t o  
plny, !Je realized d s o  tht wo would hnve t o  change the chemistry 
of the plates, but novorthelose wo had before us the 5$ nickel ,  
and we wont to work on that, The Diebold Company h , d  selected 
this representative. rod, I think t h e  Chevrolet Company hnd t r i ed  
out two rods and nccording to qv understanding thay were very sctie- 
fnctory. Nevertheless, nt any rcte, there ware about four o r  f i v e  
different rods that seemed t o  work f i l l  d i k e ,  md we h~d. more or 
less c o n s i s t e n t  resul ts  in thnt  respect, Agnin, reviewing theso 
tests, and going back t o  thc  rocorde of th rco  or four years, thore 
was ona peculiar th ing that showod up i n  the Diebold records, 



and that iq i n  using an aus ten i t  ic rod or stainless rod, ragard- 
less of what i t  was o r  what it had in it, so long as it wasn't 
a purely f e r r i t i c  rod, that your ballistic reeult always added 
up the same. 

"So, we made a set of each of 114" 3/8", and 1/2". One s e t  
of 1/4" p la t e s  was made by welding before h e a t  treatment. The 
second set  of plates was made by welding a f t e r  heat treatment, 
wfth a double V j o i n t  a long the face of the plate. The third 
set of p l a t e s  was made with a double V, with w h a t  w e  oal led a 
'depressed1 weld; that i s ,  while the weld on the hard o r  face 
s ide  was not brought up entirely flush, or welded to that portion 
of the metal t h a t  was welded o r  carburized, those p l ~ t e s  were 
t e s t ed  a t  Aberdeen, and the r e s u l t s  the re  checked p re t ty  closely 
w i t h  our private range resu l t s .  We g o t  those results and used 
those as a basis for computing a b a l l i s t i c  curve up t o  1-118". 
We w r o t e  up a spec i f ica t ion  which we had intended t o  recommend t o  
this committee. We used thnt s n e c i f i c ~ t i o n  na more o r  less of e. 
trial horse to make up 5 /&"  and 718" plate, IVo took those with 
the specifications t o  Aberdeen and handed the spec i f i cat ions  to  
Lt. Pless who did  the shooting wi th  several of his assistants, and 
he was asked t o  shoot i n  accordzlncs w f t h  those specifications, 
We found that while we understood the specifications as drawn up, 
there w a s  a l i t t l e  bit of  confusion when we introduced somebody 
who hadn't been i n  touch with tl~em, As a result of this we are 
W i n g  several changes and simp1 ifying the speci f icat ion.  We 
also found that the results on the heavier plate as compared with  
the  results on the l igh ter  p la te ,  a r e  in line, almost exe.ctly. 
In other words, if we had drawn the curve after we had got ten  
the result, instead o f  before, w e  couldn' t have done a better 
job. Then, compiling from the data that we had on had, we have 
made up a manu&. This manual was started by Mr, Jennings some 
time ago, and we took his idea and elaborated and improved on it. 
The manu& shows four different types of welding on the  face- 
hardened material. And again in our task it seems that i t  doesn't  
make a whole l o t  of difference what type of j o i n t  you mkec One 
o f  the main f a c t s  i s  to keep the gap between the plates as small 
as you can to mdce the higher ballistics. The small plates were 
shot using the smaller ammunition, and the heavier p l a t e s ,  using 
the  17 m.m. TP M5l p r o j e c t i l e s .  We were a l i t t l e  over-ambitious 
inasmuch a s  we c a l l e d  for several shots of a velocity which des- 
t i oyed  the plate ,  while if a single shot was put on the plate, the 
p l a t e  would stand up accdrdlnp to the s ~ e c i f i c a t i o n s -  Nevertheless, 
if they didn ' t  get  the f i r s t  shot i n  the area cal led for ,  and had 
to put a second shot on, t he  stresses set up in that ple.te from 
the first sho t  would cause the  p l a t e  t o  go to pieces in the second 
shot. Thnsa will be changed. 7% realize tha t  t h e  f igures on  the 
penetrat ion of the weld, through the weld arwer, although rather 
disappointing, are actual results that have been produced by weld- 
ing'rnethads, not by laboratory welding but by ~ r o d u c t i ~ e  welding 
methods, There is a l o t  of ronm, we admit, f o r  imprnvement, but 
they are representative nf actual figures, and we are presenting 
those to this committee for the i r  cnnsideratfon~ 



.I 
As t o  which of the three j o i n t  designs stood up best on sho,ck, Mr. dbbott 
rep1 ied: 

"The full weld o r  the weld with the  snnealing beads along 
the side ~howed sl ightly higher resistance when shots h i t  within 
the weld itself, but slightly laver when the shote hit within 
the heat-aff ected zone adjacent t o  the weld. In other  words, 
It seems thnt the annealing b e d 8  put along the side of the hard 
case caused rt greater  h e ~ t  to trnvcl s i d e w e  or further into the 
plate than  when you kept tho weld depressed undesneath the h m d  
surf ace. " 

Pollowlag luncheon, during which R General mectiic movie " f ns ide  Arc tfelding" 
was ehown, Mr. Brookar reported on a c t i v i t i e s  of tho a c o t r o d o  Croups 

"The first topic on our ngcnda was electrode spscifications. 
The C ~ d f l l a c  Fishor Companies hcvo one covering gencra spaci- 
f icat ion,  Tha Genornl Motors hns mother specification which js 
practical ly tho  s m e ,  but di f foront  in ruuno and number nnd mis- 
cellanoous detail requirarnents. The Navy Dspnrtmen t have a thcr 
spccif icntions. Tho oloctrodo mnnufncturera, of  those present 
yzsterday, disqngrood considesnbly on the  clectrodo specif i cn t ions  
boenuso o u r ~ o p i n i o n  as t o  w h a t  was needed vnried considerably, 
=and v?,rics f rclm weak t o  week almost. Then, ns t o  the  qualif ica- 
t i b n  of electrodes - the Nnay Dqnrtmcnt qmlifias electrodes un- 
der a mechanical t e e t ,  Tho Nhvy Dcpr~.rtmont hns qwlif icntions 
for welding armor, but with no spsc i f icn t ion  on electrodoat Thet? 
has boen Roms eqwrk from olcctrode mr,nufzlcturars t o  get the Ord- 
m c o  Department t o  qmllfy electrodes so there w i l l  be no duplica- 
t i o n  of cloctrodee and armor b~twom,  on0 contractor and another. 
The Ordmnce Departnient, REI f$r ns 1 know, hns no intention of 
going into tht. 

"If yoy. look over core wirorr, you f i n d  they are genordly of 
two types; in one, the m r m e s e  runs 2$, and in the  other, the 
mngnnoeo runs 3.5% t o  LI.~$. Thoro ?,re two typos, probably lo- 
m u s e  peacetime wufn,cturers af stniriluss s t p e l  & i e  it thnt way. 
1 would l i k o  t o  W e  one correction.  Thc high mangnnose vnricty 
i s n ' t  a peacatimo prodect. To somo mnnufacturors high manganese 
is desirable, thrtt is 3.6% t o  4b5$m It was ngreed there could bo 
reported to tha  Whr Production hard  thnt core wire w i l l  f a l l  in 
these  t~rro fo l l owing  cl~,ssif  icatlohs: Cnrbon .07/ .15, nickel 9. O/ 
11.0. The one grade w i l l  imve cktomo 2045122.5, and wzngmsse 
1,6/2.0, The othor gmde, chrome 19.0/21.0, nnd manganese 3*5/  
4.5. That should p ~ , s s  the t e s t ,  7% have sent l e t t e r s  t o  manu- 
facturers asking for i n f o r m , t i o n  on their  emeriences with  uariou$ 
~,rrangornents with d i f fe ren t  m,rgnncec-moly r ~ t l o s ,  It is obvious 
from the resu l t s  obtained that n lotvor chroae composition w i l l  
pass our ballistic t e s t s .  It was pointed out  that if we cnn g o t  
recommendntions on l o ~ . ~ o r  chrome-nickel contents t h n  we nre now 
using, wc would mke ordifivy exporimcnt,al h a ~ t s  and pzsa them 
out t o  electrode manufnc turers for conting r,nd pr o l iminmy  work. " 

@ Mr. Brooker axplninod thnt t e s t s  are being- mda of n l a$  chrome. 6$ 
nickel, 4$ mangmoso alsctrodd and n 5% chrome, 5$ niekkol, 0,g5$ carbon 



electrode for armor. a i l e  one test has been made of the former with 
encouraging resu3$& no t es ta  have as y e t  been made of the la t ter  and: 

"It $s purely development. No H plates haps been welded 
with it. Many of ua think that with the high carbon content we 
wuld get  such 'low ductility that it would not be satisfactory. 
At any r a t e r  it shows we are working on both ends and in the 
middle as well ,  with the high t a n e i l e  varieties, with this 12-64, 
and the ferritic. The ferrftic program cooked up in Detroit sev- 
eral months  go has proaoeded very nicely. %ur participants - 
Harnischf oger, Arcrods, A. 0, Smith, and Motal and Thermft - have 
sent down approximtely 40 platos t o  Aberdeen, a l l  praheated to 
350; some wore postheated, eome not. Somo wore made ~utomntie- 
ally; some were made by manual proceas. The armor w ~ a  an in- 
terim composition of Republic; approximta)y 1-1-1 nickel-chrome- 
moly which was Boon faund to  bo aa difficult to weld as the 
o l d  Republic. It had a deep 'hardenabilityt dnd we hRd con- 
sidsrable trouble with cross cracks. However, the results of 
this work showed that our chsslcas for welding with low al loy 
electrodes, hi& automatic, and m n n a  procossss are very good, 
Furthermore, i t  appears as i f  there i s n ' t  much choice between 
single an& double V wolds.: Also, it looks as if sutamtic fer- 
r i t i c  welaing i s  possible, find i t  i s  definite that the p l ~ t e r j  
should be coq le tod  when you start; t h t  is, t h q  should n o t  be 
d.lowed t o  cool down and coma back tho naxt day and bo worked 
in the ahop. Furtharrnore, it appenre desirable to keep hopt on 
the  plates after the  welding is completed. And, A* 0. Smith r e  
porte that postheat of 350 t o  400' appears t o  give some advan- 
tage insofar ae hardness character is concerned, h t  that  w i l l  
do to ballistics remains to bc provon." 

Mr. Brooker commented about the incomplete f i l l i n g  out of !US2 Forms 
and Mr. %ma ramrked: 

"1 am sorry t o  hear the Chairrum of tha Elactrode Sub- 
group any  that it is unlikely that tho Ordnance Deprtmant 
would  t&o a positivo stand as to alectrode qualif  icstions.  
I think it is necessary that the Ordnance Department give r e d  
consideration to this mhtter Par it is a very ren3 problem for 
d l  of us* Specificnlly, we would only l i k e  to have a ruling. 
on the intent of the specifications as regmds procodure quali- 
fications as nffectod not only by t y p o  of electrodoe used. Now, 
497 e t a t o s  any procodure qurz l i f  i c e t i o n  shall be construod t o  have 
been altorod if tha t n o  of electrode i s  chxngod. TJoll, that is 
a11 right. That has been rather broadly interpreted in the dif- 
ferent Ordnance districts, to tho best  of my belief, m d  with the 
prime contractors, wherein r a q u ~ l i f i c n t i o n  of procedure q bo 
requi~nd o f  ntw f a b ~ i c n t o r s .  The cost of these qunlification 
t e e t  specimens runs approximtoly $1, 5OO.00 par unit - a rather 
sizable oxpen6ituze if ovaqr contractor  is confronted with the 
problom of h ~ v i n g  to prBparo one or more platos simply to esta'b- 
lfsh qualified sourcos of mterials for hinaolf* It is my p e r  
sonal opinion that wo now h v o  enough data r e l a t ive  t o  the sevor~ l  
olectrodos that have proven t o  be aatisfaotory; that with tho data 
that  can be made available t o  any fecbricator, he can knowingly 



eelect  a new brand of electrode without the necoasity of n c t u l l y  
duplicating the offort of some other fabricator in trying t h ~ t  
electrode out. I would like t o  h o ~ r  eqmossian of opinion on the 
part of the others relntive to this. M;y pe~son .1  feeling is that 
we ahbuld not  interpret the specification as rsquiring brand quali- 
f i c a t i on ,  once a given L n e  of modified 1818 has boon fairly satie- 
factarily es tbblished, " 

To which Mr. Emery added: 
"Now, I am kind of leaning toward Mr. Ra,vmote sentiments 

inasmuch as I believe that if a plate X-rw i s  a l l  right, i t  should 
fite a14 right, if wolded with an sloctrode which haa previously 
? ~ s B e d  the t e e t  at Aberdeen undox the same con&itions, J don't 
know whether o u r  cast or ro l l ed  plate c o s t  Zs $1,500.00, but the 
c o s t  is plenty, and according t o  tho ~ X ~ 4 9 7 ,  ws w i l l  hrtvo to make 
s i x  more plates before we can qulf&,* 

Mr. Brooker explained the Ordn-o dewpoint  : 
"Well, about the  tima you abink that son~thing l i k e  M T ~  

%cry has proposed w i l l  work, thon you &vo a situation l i k e  
this where one oleetrads nanufactur,er  ha^ consi~tantly had 
failure8 - failurea of tho f u s i o n  zona. He changed his tech- 
nique by burning i n  a l f t t l o  deeper and ho paseed with flying 
colors.  Therefore, there is this  matter of prapnratfnn, its 
angle o f  bevel$ and manner of welding, and manipulation that oc- 
~ ~ E i i o m l l y  m&sa the difference botwaon a good wsld and s bad 
one, And if uo t r y  t o  qmlify eloctrode8, we will have t o  as- 
tablleh electrode sizcs for every type of groovo, of which there 
arontt  too mny, and require tho inspectors t o  see thnt thaB weld- 
ing procedure i o  used, What is more, the reaeon wa hnve stnored 
away from aloetrodo qualifications i s  because the moment wo quali- 
fy an electrode we feel that thnt mnufactvrer w i l l  stop develop- 
ment. The electrodas havo imprwed vory naterialy  nver tho past 
month. Pephaps it m a  nn inefficient mcrrrnar of doing it, but 
they he.ve all t r i e d  to beat each othar on w b t  they d id  previous- 
ly. We eouldntt have that developmant t o  the sAme degsee if we 
quxllf ied electrodes. 4n.d about the  X-ray business, we did have 
a correlation between X-rby xeeulter ann the ballistic r e ~ u l t s  
under a previous mothod of firing. Wo s t i l l  had a lot of rub- 
ber in judging w. good plate from a bad one* A t  tho present 
time our X-ray b d l i s t i a a  correlation is not as gnod as i t  was 
formerly." 

Thera was conaidorable discuesion of the rcquiroment fnr qwlifyfng 
brands by the fabrioatars find thei r  mgument wae summarizad by ldr, 
Biedarman: 

"Mr. Chairman, I th ink In the beginning the matrufaaturar 
should definitely qualif'y the rod and p la te  ~ n d  technique sn that 
he knows what tho Arny wants, but after he has anae qualified 

. and gone into production, then that is whon the other should 
cone in: and wo make a change here and there, and thon if  we do 
have t o  ffro h plate, 1' d sny, if we nre go ing  t c  work on a now 
e~nalysis, l e t  one company get the plate and fire i t ;  then 



the Orltrnance approvear that rod, end then we can a l l  uae the rod. 
But  there is no sense in twenty different manufacturers rloing 
it. Here is qn item r igh t  here in 12-6. If there  is a series 
of R half a dozen p l a t ae  going rlown t o  Abarrlaen end i t  proves 
out, the technique, and everything else, it seems foolfsh t o  
h a ~ e  another hundred plates come down there fron each mnufacturer, 
~ n d  it is an absolute f lu~ l i ca t ion  o f  the vofk." 

There was also aome ~rgument  bout how closely  the H plate weldlng RW- 

proximated the welding on a tank hull t o  which Mr. Brooker rexllied: 
"If you weld your H plate with copper shields, you cnn 

weld your  tank with c o p e r  shielns,  If you have R 714"- if 
you use 5 1 ~ 2 ~  electrode i n  the first t e s t  on the H p l e t e  - you 
can use it on the tank in all places. In the bevels  there w i l l  
ba some place8 in the tank where yaw bevels will not correkpona 
t o  that in the plate. There io.a discrepancy there. You can't 
wela every part of the tank like you can the H plate  to  in terpre t  
i t  to the last degree." 

On the m - t t e r  of electrode qualific~tPoa, Col. Zornig suggested a policy: 
sugge~tion wasn't t o  go quite as  far  e.s you indicated, 

Mr. Biederman. I was simply suggesting that if you had, for 
inetadce, as one manufacturer qualff ied on electrodes of Type 
A,  then if you made a change from brand to brCnd in Type A, you 
wouldnt t have t o  requalify, " 

The A'berdeen Proving Ground's view of this question was expmsaed by Lt. 
PI ees: 

"I believe this morning we were talking about making the 
t e e t  a little more severe on 1-112" plate.  I t  seene t o  me t ha t  
we R r a  tming t o  get nway f rom it now and make ft a l i t t l e  easi- 
er. I donSt know, that is the wag it apgenrs, but I have seen 
plates  welded with what seemed t o  be a5 good a technique as 
any Fisher Body ever used or any other manufacturer, on aome of  
the best d a t e s  we ever had. And we f i r e d  them and had them 
fall,  and t h ~ t  hap~ened in the last f e w  weeks; and 1 can't  see 
ever allowing one manufacturer to make up a p l ~ t e  to cover 
abont R dozen other manufacturers' weldizw. Thw just don' t 
do I t  the same w&v4 I don't knowtnr~v. but I t  Juat  i an ' t  done 
in one plant like it Is in mother. A t  the present time, we 
don't -have a btandaFA electrode nnd until  the time we do have, 
there i a  no chance of doing t h i s ,  T h a t  i a  view of it, ~ n d  
it look8 l i k e  if we do this, we a r e  getting F~WP,Y f rom a l l  of the 
Yesearch and development work that we have done in the pest t b  
make it light an ourselves. fVe would Just  sny, IGP ahead, b y e ,  
do aqything you l ike ,  " 

A queation was raised by Mr. Kerkhoff: 
"Has it ever come up where one manufacturer  ha^ succees- 

fu l l y  welded H plates with a particular type of rod or p8r- 
ticular brand, and then changed t o  another brand, we will say, 
of a similar rod, aad run i n t o  failures?" 

-230- 



BmlE!me 
Lt .  Plass agpeed that thiea had happened and reaffirmed t b t  procedure should 
be qualified Mith each brnnd of electrode: 

'!Unless the electrode manufacturers eventually agreed 
t o  moke one rod, everyone making the same rod with emctly 
the same amlpsis, and no difference v~hatsoever, otherwlee  
they. w i l l  sever be able t o  get the a m e  welding*'' 

Mrr Danse c i t ed  the object of t h e  Generd Mbtora Corporation electrode speck- 
f icat ions:  

"It was i n  an  e f f o r t  t o  move i n  thf s direction thnt  Gen- 
ern1 Eiotors specificr?tione were written. , 710 hopo that those 
specifications mny be takemas a stop in the  right direction, 
Tho moctrodo Subgroup mzde an effort, and apparently' couldn't 
wree,  ~,nd General Motors kd the thought i n  mind, that thoere 
t e s t  platos were very evenaive.  X t  was tedious a d  aostlg t o  
ntaka thorn, and h ~ v e  them fired; nnd it ontai led nlmost endless 
helay. So the Ganernl Efotors group agreed to pick out two types 
of electrodes, tho iden being to do just as you indicated, nnd 
m-ka the  d i f f e r a n t  makes o r  brands, ~ ,nd  place thorn in those two 
types. Wo hope tha t  thc  step will ba in t he  right directioacH 

Mr. h v m o  r ~ i s e d  FL very inte~estirg B a i n t  which app~rently no one had given 
consideration t o  up t o  the prosoht: 

'if this mtter of procedure and electrode ?ad pla te  i s  
as c r i t i c a l  on our tes t  xe h?.s been reprcesntbd t o  us hers,  
witness tho statement that with one brmd of olectFode <md a 
given procodwe from ano mnufncturer, the b r r d  of elcctrodo 
is c h s ~ o d  nnd the qur , l i f i c~ . t i an  p l a t o  subsequently submitted 
fails. &ring this en t i r e  program ve h@vc boon completely ic 
noring tho c c t w l  condi t ions  undor which wo use t h i s  srmor a d  
olec t~odo ,  In the vehicle t h t  wo build thoro nra fbur brands 
of armor in there, and there  is no choice ,?bout the electrodes 
we a r e  going t o  uso f o r  making tho hull weldmant, You hnve g o t  
one clectrodo. I uee i t ,  but thnt b a s  on ly  boon qual i f ied on one 
brnnd of armor, If we ~ u l o  going t o  c a r r y  through wi th  the  nicety 
tb.t puro rssonrch cells  fo r ,  then we wrong in going in to  
this welded tLW program the w v  we ~ z r c  n t  the presont time. 
an;y thnt Welding of armor is  on the bench, Every time you hoer 
of two  fni l ing,  t w o  pnes; or when two pnss, f i v e  fail. NOIT 1 
th5nk tlx1.t we ought t o  t a k e  ndmntage of ov~rythfng thzt  wo blSVo 
accumul>ted in knowledge of welding x m o r  to date,  quit drawing 
mnny of those points thnt  are quite f ine  as regnxds the  technical 
correctn;?ss of whother th i s  is aono o r  whether thlt i e  done. 
Just think about t h i a  problom of four nrmors In n s i n g l o  vehicle, 
and 1 see -no ronson w w ,  w i t h i n  weeks t o  come hl I FLIII cer ta in  it 
is going t o  be f ive  right now and poesiblg six - ~,nd there is 
no ainglo brmd of olectrade thnt h ~ s  qualif ied on all of those 
armors, cs fnr as r r ~ y  c o q n n y  o r  any other  compnRy i a  concerned, 
Qith procedure qwJlficntions, f h t  i s  the answer t o  P. condition 
l i k e  thq t?"  

I t  wns now suggested by K--..;v Reprosontatives (~omdr. Bl&e and. Comdl'. 
~ u t h e r l a n h )  that two annly~les of electrode o d y  should b-o permitted t o  bc 



- 
manufactured f o r  welding armor and each electrode manufacturer ehould be 
required to certify each l o t  he supplies so that once thsse two analyses 
have been qualified no further qualSflcatlon i s  necesssry, unless a new 
anawsia is produced. 

Mr. Biederm~lxr made an observation: 
"Aberdeen has enough plates, enough different compositions, 

and electrode rode, tihat the Ordnance Department can pick up the 
type immediately from the firing records of tha di f ferent  plates, 
and the cost ,  an8 ew, 'Gentleman, here are your two types,' That 
3s all that has to be done, and can be done that easily." 

To which Mr. Broaker replied: 
"Mr. Chairman, that sounds very good, but unfortunately the 

welding contractors  and electrode manufacturers have not reported 
their weld depos i t  compositions." 

L t .  Boueher made a suggestion: 
"How, then, we are talklng &bout submitting an .analysis, and 

the a i f f i c u l t i e s  involved with several manuf~cturers not bef ng 
able to mRke the same rod, because, &a Mr. k u r a t h  said,  he puts 
a pinch of salt in his ,  ~ n d  sombodv else uses a teaspoon. For 
that  reason - and this statement, I think is  probably r e v o l u t i o a -  
ary - I would l i k e  t o  suggest that  consideration be given t o  es- 
tablishing one manuf~cturer who would make a l l  o f  the armor welding 
electrodes." 

Ta which Mr. Gating objecfod: 
"With regard t o  one manufacturer making all  of the electrodes 

f o r  the tanks, I am still pretty fond of the old American system, 
and I think that i s  what we are a l l  fighting for here. And if we 
ehould do that we would stymie the very essence of our own com- 
petitive ef for te  here which b s  made poeaible the type of electrode 
which you see on the market today. You are gofng t o  have to keep 
enough people interested i n  this program t o  make progress. We 
haven't finished making progress; we have a lot to do yet." 

Commander Blake further commented along a patr l o  t i c  vef a: 
"Mr. Keating, there f s one th ing  1' d like to say when this  

is over. Stainless electrodes are used for very few things be- 
sides welding armor. People are going t o  have secrets that aren't  
worth a &mn. Whitey sa$s that one guy puts in a pinch o f  salt, 
and the other guy a teaspoonful. True. Why not tell the other 
fellow what you did to make it work? We aan a c t u d l y  come down t o  
a few types and simplify everything. 

"There has been, I am glad t o  say, and I know rather in- 
timately, a great deal more exahanga of infarmtion. I t  is not 
complete as yet, however, and if everybody would ta lk frankly t o  
everybody else, i t  only concerns the present business, because 
the market fop t h i s  thing diminishes t o  a point  where it  isn't 
worth talking about when we ao out of the war. They sqy there is 
enough for everybody now. Let" talk frankly and freely and pass 
t he  information around and make the met  ani id prngress now. As 



we proposed i n  the two types o f  amlyei~, we are going to save 
a great deal of chrome and nicke$ probably by co-operative ef- 
forts t o  which Whitey is referring, We are going to have a 
further great saving and not sacrifice a single thing in the 
characterietics of the work we turn out. I ' d  just as soon use 
cheese for welding electrodes if it would give ue the  results 
we want. If everybody gets together dong those Iiaes, we 
w i l l  get  results," 

A suggestion was mde by Mr. (Whitey) Maurath: 
"Mr. Chairmn* 1 will stick my nock out once more. Mr. 

Biederman sws there m e  21 different manufacturers of s tninlcss  
 lae el electrodes. Prior to t h i s  wnr e f fo r t ,  there were about 
four of us in the United Stn.tes who used to swap trfcks Par  15 
yanrs. The minute a tannage progrm cornea w, ench om of those 
mznufacturors i a  w i l l i n g  t o  sidotmck tho necessnry mild stool 
eluctradc ncsded for the shipping progr,m which is bogged down 
for the w a n t  of olectrodes at the prosant time, t o  go i n t o  m k i n g  
a stainless electrode. k e h  ono of thorn had different  ckractcr- 
ist ics.  Each one required the t e s t s  I-lr, B i c d s m  spoke abautd 
If tho WPQ and tho ~ r h c o  Departrnont want t o  do somathing, let 
them allocate us boys - I ,am not running but 50 hours n week b w  
czuse in territory there is every Tom, Dick and Hrrry, shipping 
f r o m  all ovor the country nnd higbprossuring somebody because ha 
thinks ho hns aomothing better rind has avosyboqy ~Fi.XIdbwg~dr ff 
the s t ~ ~ d a r d  s tnPnl,oss 8 taol  olectroda manufacturers originally 
cauld bo handled togethor in R s m d l  group, and an,jog our  con- 
fidances, we could mqke n uniform nroduqtr But you can't taka 
20 of them and m k e  the sane thing.tt 

Mr. kymo emphasized the ac t ion  tzken tho previous d,ny by the fhbribators in 
reg~xd t o  eloctrorlest 

'I hope that the significance of part of Mr. Mcbwelli e 
report this  morning WRB not l o s t z  All of the  fnbrfcntors  feel 
very strongly about t h f e  thing,  (-;bout getting down to two c o w  
positions or prefsr2bly one. 1% all knbw the l i m i t  of doing it 
md why. It is undesirnble, and el1 such ns thn t ,  but nonethe- 
less, dl, fabricators have  greed as of yesterday, Rnd from here 
on out t o  nurch,se t o  n common spocif icaeion r,a mutmAly propnred 
by the Gencrd Motors Group, nnd r,s w i l l  be kept r e v f ~ o d  in the 
light af progrees tbUt nppame vortlly of recognition by this h b -  
r i c s t o r a '  Group, 2nd the Gcnord  Motors Group. And tha8 I th ink 
is going t o  be, o r  has boon quf t d  EL def i n i t o  s t o p  in the direct ion 
tbt has bean recommeuded by tha Navy. Depnrtmont representative, 
,and townrd the solution thtt yon suggostod*'' 

I t  was emphasized by Commr~der Sutherlclnd th-.t both the  Army md &wy are 
working toward n s t ~ ~ n d s x d i z a t i o n  of two comosi t ions .  Mr. Bibbcr added 
another thought: 

"A8 you probnibly al l  know, the delivory of nrmor plate tu 
different mnnnfnctarers is all d locn ted .  Bp thnt  1 mean a c e P  
tain mnufncturer gets EL cer ta in  typo cf nrmr p l ~ . t o  from n cer- 
tnin armor rn,.nufqdcturer. I wonder why something could not bc done 



along the erne lines with the electrode manufacturers. In other 
words, why couldP1 t a certain electrode manufacturer be designated 
t o  supply a certafzi tank manufacturer with a certain brand of alec- 
trode, and hwe that arpangernent set up and maintained and not have 
the tank manufacturer be subjected t o  having t o  have so many dif-  
ferent types of electrodes? That  angle of the thing I have not 
heard discusoed at any of these meetings. I wonder wlyv it couldnlt 
be consf aesed hepel 

!lo which Commander Sutherland replied; 
"You get the maximum productioa, but isn't that w h ~ t  we are 

fighting? That is the totalitarian system throughout, We are 
inclined at times to w a n t  to do i t  that w a y  becauee we can get  
there faster. But wen' t we 'dee troying tho very th ing we are 
fighting f o r  if we do?" 

And Mr. B. J, Smith added a p ~ t r f o t i c  touch: 
"1 t c t r ikes  a particularly potent note right there, The o ld  

saying, Tau have to  fight f ire with firek b e  rt lot of meri* irl 
this  situation, Suppose i t  is a totalitarian method of doing 
things; that i r r  what we are fighting - we are fighting a totali- 
tarian system, Mow le t1 s borrow some o f  the good points, sortie of 
the advantage8 of  even the e n e q ' s  vaF of  doing things. That seems 
t o  me t o  be a reflection of e defeatist attitude t h ~ t  seem t o  be 
prevalent in thfs committee far some reason, Why i a  it un-American 
in any sense of the word, to 40 that? The Jab b s  to be done in 
the shortest poamible time. % can't we coordimte our e f f o r t s  
along the Iiaes that everyone of IU know would give us that result 
in the  shortest possible time? We sit here and spar among o w -  
selves, all  of us b e ~ t i n g  around the bush, just R little afraid 
t o  admit the tmth of our feelis$s.  lurely wo all wmt t o  make a 
prof it. Surely we all are trying to wpm te,ct ourselves for w h a t  
somothing i n  the Future  m y  bring, &I what? T h a t  prof it i sn'  t 
g o i n g  t o  mean B thing t o  us if we don't win the war. If we don't 
produce tho product we a r e  t q r i n g  to produce at the present time, 
the peace tbact comes after won't be our making, Keep those points 
in mind wwh making decisions fia t o  whether we are going t~ co- 
operate ono 14 th  another, and gat our  c~rds on t he table. And l e t ' s  
do something about it now and not wish we had Inter," 

To which Commander Sutherland &&led; 
"I believe my rowk'e were misinterpreted, I eua tdk ing  f o r  

co-operation voluntarily f ~ t h e r  fkan forcing people to do things, 
for two reasons: First, I believe as a matter of principle that 
is the way we should do things; but second, and more roalis tical- 
Iy, thfs cauntry, W i n g  nm on that basis  for many, many years, 
aan quite probably a c t  fae ter by getting together, all  of us, md 
saying, 'This is a war and wo are going to win it' than we can by 
attempting a drastic change-over t o  other methods at this time. 
What we have t o  do is do this thing the fastest w a y  poaeible ."  

Mr. Bibber further explained his fdas: p 

"Mr, Chairman, f don't know how thisgot into this vein, but 



the thing I sm talking about is the thing dom commercially. If 
I were running a plan t  and wanted to IWJF not more than two me~nu- 
facturers' electrodes, under peacetime conditions, I would be 
inclined to do that, because if I did not  do that f would be test-  
ing somebody's electrodes every time I turned around. I think 
there is no reason in the worlif why a certain tank wdmfiurer 
cannot get together with a certain electrode manufacturer md 
say, 'We are going t o  buy your rod. There are p s s i b l y  one or 
two, not  more than two sources. We don1 t w a n t  to fool with the 
other types of rod, and we look t o  you t o  give us the decant pro- 
per type of electrodes, ' and straighten out your battle wtth thorn. 
f see no reason why it couldn't work voluntarily. I t  doesn't 
trike a dictator t o  do thLR 

I t  was stated by Mr. VanDroser that nono of the f~bricbtors hmd had 
any troublo getting a11 the electrodes they wanted f rom any source desired. 

ft wae brought out that electrode stub ends would be acceptable t o  th 
steel mills as stainless sarap, if the coating is removed. The object ion 
t o  charging the coated stube i n to  the melting furnace w a s  expltcfnsd W 
Mr. Whitmor: 

"The coating is a form of s1e.g but it isnl t the particular 
slag you want in the furnace. I nm afraid if you chesrge.too 
many of the short onds wfth tho flux on it, you might &vo half 
a a  much slag as you have ateel. We don' t  want it. We w a n t  tho 
slag of f .  I' 

Mr. Mikhdapov rqorted on tho aovolopmont work baing carried on undair 
direct ion of tho Nat i o n s l  Resoarch Counci l  : 

"Ae you know, N O R -  C d  made a very thorough surve~g of arfsting 
practice and procedure in wo1din.g armor plate. And that has baen 
published and is av+l labb t o  tho Ordnanc~ Dopartmeat for those 
who have use  for it. On tho bnsis of that sumey, certain proJacts 
have boon decided upon, and hnvo been s e t  up, and those projects 
t o  data  nse merely what soems t o  bo the mnst pressing, Now the 
projoe'ts which have been set up and a r c  now underway are ns fo l lows:  
Tho .project--f irs t pro ject--is the waldabili ty of armor plate, and 
tho devolopmcnt of suitable electrodes. Tht is a pretty broad sub- 
j e c t ,  and sinco considerable prograss has boen mado wfth the welding 
of armor plate with nustenitf c electrodes, that is, f n producti~n, we 
arc concentrating our a b i l i t f a s  on the development of forritic 
electrodes and tochniaue for welding;. I m q ~  add that the results 
of tho  first t e s t s  were rathcr inconclusive except that it seomod 
tn prove that armor plat0 of 1-1-1 composition aan be welded with 
f e r r i t f c  rods. Unfortunately, there doesn't seen t o  be very much 

- correlation between t h e  techniquo nnd the  tfTpe nf weld used nnd 
the b a l l t s t i e  reoults - t h a t  l a ,  we cannot 3 ~ 3 7 ,  'Here is a w ; ~ r  of 
doing it.' Wc a r o  jnst 'beginning t o  f inr! thnt out, It isn't very 
complete because we s t i l l  don't know what it is which rhkos some 
procossae wnrk better than others, Acc~rdingly, we have the pro- 
grm o f  Carnegia, t h ~ t  i a ,  the Vnlted Ststas Steel Carporation 
laboratory, vary kindly making an investigation for us trying 



t o  find out what it is that makes one weldment good, and the 
other poor. If we can f i n d  the physical dfff erencs, we im- 
mediately eEmplPfy the problem, because it  means that we dis- 
pense with the very lengthy, costly ballistice t e a t  - n o t  dig- 
pense w i t h  them entirely - but we can go a l o n g  way to produce 
the physical charscterfstfcs of the plate  that perfomna bal- 
llstfcally well. So far we haven1 t been able t o  find any 
physf ca3 t e s t ,  or in fact, any physical difference between the 
plate that performs very well and the plate which fa i led  dis-  
mally. In fact ,  from the limited amount of t e s t s  done, we would 
expect the good plate t o  perform badly, and vice versa. 

"In addition we a r e  going to try and gti~therr together all 
of the various types of electrodes now available on the markel, 
no matter how odd they msy seem, and we are going t o  try and 
write them in accordance with some simple pbpsical test, such 
as i a  performed by the Navy; the torture and e l a s t i c i t y  t e s t ,  
the weld elongation, the yield strength of the deposit m e w ,  
that ie, metal that the electrode deposits i n  the armor plate* 
fa thfs  waJt we hope t o  accumulate enough d ~ t a  upon exiatfng 
electrodoe t o  pick out the most promising and apply them on the 
armor plate* 

"he second project which wo have is that of arc welding 
face-hardened steel; this steel is faoe-hddened armor plate, I 
should eeg. There i s  s t i l l  no satisfactory method, as 1 u n d e ~  
stand, of welding face-hardened armor, and getting 100% ballistic 
efficiency, without either heat trcat'lng after the weld, o r  put- 
t i n g  a strap in back of it ttbich iwseesea the weight, or using 
the present complicated technlquo, wharo the engineers w e  usiw 
a pre-cladding technique in confining tho work, taking a finiehed 
hrdaned plate, welding it togothor and welding it, and getting 
a 100% ballistically efficient joint. F i r a t  of dl, the mothod 
o f  pre-cladding appears t o  be in some way promising of the 
shortest solution, becmse the inherent difficulties of arc weld- 
ing on a aarburized face a r e  pretty synonymous. Now, the pre- 
cladding method has not been widely used becauue i t  neceesitates 
pre-cladding of some kind, usually stainless s t ee l ,  prior t o  car- 
burieing, and that i s  frequently fmpracticd. We axe trying, 
therefore, t o  see if we can f f  nd some way of first pre-cladding 
of the casburized layer, either preheating or otherwise: nad 
eecond, 'Iry developing a eecond method which wuuld permit a, lf t t l e  
easier method of doing it than now is possible* Secondly, we are 
going to try to actually see if somo technique w i l l  not help us 
welding on the urnor  i n  the finished condition as fully hardened 
condf tion. 

"The th i rd  investigation which we hRve undernay i n  co& 
nectlon with armor plate i a  the spot welding of armor plate. Now 
sometime ago through the auspices o f  this committee, two manuL 
facturers, f believe, have been developing tho technique of spot 
welding face-hardened armor, s o f t  steel, and also in such a way 
that the welding i s  not b r i t t l e  and falls apart a t  the slightest 
impact, but performs aat isferc t o r i l y  under the b a l l i s  t i c  tes ts .  
That method, I believe, is now seriously considered by a number o f  
fabricators. However, the ohief objection to  it  ie first, that not 



too much i s  known about complete structural ~ r o b l ~ m 9  in the atruc- 
ture o f  the weld; second, i t  f s slow. The big adventae of m o t  
welding is speed. When i t  takes anything Prom a minute t o  2-112 
t o  make a single spot, you have large ly  abolished the adventages 
apo t welding b s  over, say, e. plug weld, YOU C P ~  wke a plug weld, 
I am t o l d  by Mr. Abbott t o  be specific,  in about 20 to 30 seconds; 
that, of course, couldnt t include the time of dr i l l ing  a hale." 

Mr. M i k h a l ~ p w  emhasized that these three projects were presently 
beihg conducted, the one an face-hardened armor at hck Islend Braenel. 
Others my be sttartea If induatry has pratlems an which ~ s s i s t m c s  is 
desired. 

A t  the request of Col. Zornig, Mr. %nee discussed the auestlon of cleaning 
nrmor nlnte:  

"It has been cuetam~r~ t o  c l w a  firmor nlnte %y shot blssting 
~ n d  - 8  those of US who ~ P V R  mafntRine$ shot blasting equipment 
are well aware* i t  is pLn expensitre equinment, not  o n l y  the equin- 
ment i t se l f ,  but the maintenance cost of the equimm~nt. Jrle are 
wondering w h y  it is n e c e a s n v  to shot blast, heat-trsating scale 
or mfll scale ,  or aqv o the r  e c ~ , l e  off the  nlnte arovfded you donf t 
hme  to  weld on i t .  So satisfpctom welding cen be done, and pro- 
vided also that a .rea,sonable job of scratch or  w i r e  brushing could 
be arranged whiah would be an nutomatic operation, m d  f e  quite cheap 
i n  comparison with shbt blasting, so ae to remove any l o o l e  scale. 
Ve see no reason why we should remove the blue oxide and then nut 
on a new coat  of p ~ i n t  which is red oxide. !Je believe blue is 
just as good, if not bettey than Ped. '"le agree that any loose oxide 
should be removed, but we can' t see the utility of removing the 51w 
and putting red oxide on, Furthermore, it is the rule, not the ex- 
cep t ion ,  now that humid weather is here, than vhen the shot-.blasted 
pletea are shipped they accumulate c o n ~ i d e r ~ b l e  red oxide  beiope  
they  arrive, and i f  they are thoroughly f luehed wi th  some good 
rust-resisting compound, we introhuce into our operation two more 
difficulties; one, a very d i f f i c u l t  operation of removing the 
flushing compound, or if we don' t remove it, we. have a very un- 
satisfectory paint job %?cause of poor adherence due t o  the f l u s k  
ing cornourid. We would l i k e  t o  hatre t h t  discussedr we believe 
from our eqer ience ,  f ron the work we have done t}?ith automt$oe 
fabric~tion and other ~irgrk, it would be a~tisfactory to prepsre 
the armor by c lecn ing  back the edges when we flame cut them, 
usu~lly grind the sham corners off eqvway, ~ n d  if thsre is any 
loose scale, wire brash i t  off." 

Mr, Merrimn rem~rked: 
'1 understmc? reliab'ly t h a t  if you fa . i l  to remove m i l l  scale 

from armor you may h ~ v e  f l 7 ~ i n p  scale of su~ficieent ve loc i ty  to in- 
jure n ~ r s o n n e l ,  and as a r e s u l t  we feel, in the absence of anything 
t o  the contr~.r!r, t h t  we should sho t  b l ~ s t  regardless of the ex- 
pense. That brings tro another questton of cor ros ion  ? r o p e r t i e s  and 
in Nav~l eircrrrft we use t h e  th in  armor n l s t e ,  so we think  bout 
c o r r a ~ i o n , ~ a n d  in the  absence af other fnformatPoa, give f t  one 



coat of ainc chromfde. I wonder if that i s  i n  accordAnce with 
the findings of  the other investfgatore on the thing?* 

Mr. Brooker explained the Ordnance viewpoint: 
"In regard t o  t h k  armor, the Ordnance Department desires 

to  l i m i t  shot blasting as much as poesible. Aa f o r  flying scale, 
our tanks ape lined with Celotex and rubber, and we should have 
no trouble with that injur,ing personnel. What isr more, in the 
water-quenched srmor - and a l l  of f t is  water-quenched today ex- 
cept the cast material - we ahould have practically a11 of the 
scale off,  and the only harm the scale w i l l  do i s  to make for  
rough, bad flame  cut^, and if these is any really heavy scale at 
the edge of tb grooving, it i r  apt to give ue poor welding; but 
the f a c i l i t i e s  section down there is trying to hold down the in- 
s ta l lat ion of shot blasting equfpmrnt." 

\ 

Mr. Brooker further omphaeized that the tank specifications and 
welding specifications rsquiro that the atmr 'be cleaned for welding 
and painting, It waa poi& rd out . b y  soverd of the fabricktors thhct 
c l ean  pla te  surfacee a r e  essent ia l  when welding on arttaahmenta to  amor 
plate. 

Mr. Bibbsr cited his c o m p e q l s  practice with armor: 
"Ae a manuFacturor of mmor plate, we shot blast all plste 

in order to get what we believe i p l  a proper flame cut. We be- 
lieve that by shot blasting this  plate, we have better con t ro l  
ovor o w  flame cutting and carn db a bette? jab, Now the queei- ' 
tion of the adherenda of thts  scale - I hawe seen scale oh SO 

tight that a power-driven brush w i l l  not remove It. A tight 
s c a l e  ia not  going to be easi ly  removed. We -have the  equipment 
and f a c i l i t i e e  f o r  shot blasting in our re@* production l ine .  
So as far as we are concerned, we w o a d  prefer t o  do it in order 
t o  make better  flame cutting," 

T h e  descaling was suggested to which Comdr. htharland replied:' 
"*e have esqmrfmented on flame dsscksling, 1% works most 

satisfactorily. Howovsr, &tar a l o t  of consideration, we decided 
not t o  uaa it .  For this reason you have t o  go nbova ?5O t o  do 
ally good, If you go above 400, you are apt t o  c,hnge the ballis- 
t i c  c,bracterirlties of y o u  plate; and we are very  much afraid t o  
leave it  i n  the hands of the average operator if it is that touchy. 
If you c8n control your  tempbrnturas accurately tb.t ie khe answer 
to the problem," 

It was pointed out that spray-quenched plwte should be quits free 
from scale as mentioned by Mr. Brooker, 

With reference t o  a paint primdr, Comdr. Sutherlbnd remarked: 
''There hae been consfderablo discussion of what you ube 

for priming* Breqbody uses zinc chromata primer. For g o o h e s s  
sake, don't uge it unless you have to ,  It 3s bad enough that 
Army Ordnance haa given or is considering glving up their lead 
projectiles,  And the chromium i s  scarce, as we talked about on 



the alectrode question. If you nesa ultimate durability and these 
things are going t o  have a long l i f e ,  it mary be advisable t o  use 
the zinc chromate, but if we emect  R short life f o r  the vehicle, 
I don' t think we ought to spread zinc cbromste on them, It eeom 
that everyBody is asking for zinc ahramate. I wanted t o  ahow that 
because I know i t  i s  very ec~rce ."  

With reference t o  uso of f l u & i ~  compounds on finished vehicler, Mr. 
k n r  e complalnd: 

nAnd there i r  another item on which we found some confusion, 
and that i a  on the finiahed vshicleo. we u s  required t o  do aom 
f l u s h i n g  and we find that the Ordnance end the Quarte~mertrter  carp^ 
do not agree on the flushing campounds which psre prescribed. We 
would 1 ika t o  a& the Ordnance a d  the @artrrmr ter haps t o  get  
together Od that* We w o u l d  l i k e  t o  be able t o  use fluahing 011 
where the vehicle I s  gafng into tho fields, or where the spare 
part is going out t o  eerrtics* The vehicle going into the field 
has to  be fluahod wi th  ordfn~ry flush, and the third part, going 
into  Service and Supply has t a  be flushed with BjsLrtermrtsr 
flushing, and it i a  a v e r y  peculiar situation. We would l i k e  to 
get some rel ief ."  

To which Col. Zornig replied! 
''Mr. I)anse, w i l l  you kindly sum up the situation, mad direct 

a good hot letter t o  Washington?" 

Which Mr. danlar agreed t o  do. 

Dr. Druq remarked; 
"But speaking r s  a representative f r o m  Canada, f can only 

oay thnt I wish t o  thank you mot sincerely lor the invithtion 
t o  be here- today. Our problem are prnctically the eame aa w h a t  
you have hars, and wo are trying t o  solve them in mre or leas 
the same way. The information which we obtain at  these meetinge 
is of grent holp and assistance, and I don' t  know that  I have 
anything more t o  sw except t o  tha& you again for the invi t~ . t ion 
you have extended." 

I t  wsa decided t o  hold the next meeting in Detroit in &bout three 
months on a Sunday and the moeting ndJourned at 5 P.M. 

This wrte the f i r s t  moeting at  which Col. Zornig off iciated sa C h i p  
men, Lt. Matthews, now I4atthewa, off iciated aa Secretsuy. This 
meeting saw considerable <?gi tst ion by tho tank fabrlc~t0rSI that the Ora- 
nance Department s e t  up on electrode speeificatfon and tm amroved list 
t o  elininate some of the n e c e s ~ i t y  f o r  qu&lffication taetine of pocedure. 
Also having tentatively standardized on 8 bPr3listic test for welded platsa 
of 1-1/2" armor t h e  Prowing Ground was criticiosd by the fabricators for 
making the requirements too  %clay. 

a A further eqanaion  of the Grow organization of the Subcammittes 
wag m a m e e d  by Col. Zornig, This meant that four more groups were t o  



be added-a Specifications Group, a Research Grow, a Resistmce Welding 
Group and an Aircraft Armor Fabricators' G r o u p ,  meking a t o t a l  of seven 
groups each of which was intended t o  handle certain spdrial phases of 
the welding of  armor problem, The general thought behind this special- 
ized subdivision was t o  make possible maore detailed discussion of each 
of those phases by the individuals primarily concerned RZ the smaller 
Gmq meetings whiah were ueua5ly held the day previous to the Subco* 
mittee meeting. Whan the occasion warrwtod my of theae group8 could 
meet independently t o  dfeou8e tho problems arising in the prt lcu lar  
field of activity covered by the Gmltpr This procedure relievod the 
main meeting of tho Subcommittee of much of tho discussfon of matters 
pertaining t o  a particular group which might no t  be of interest t o  many 
of the othors, As Col. Zornig once put it, "Theee Group neetirigs give 
the boys a ohanco t o  let o f f  steam and gripe about their troubles so that 
when they cone to tho Subcornittoe meeting they are more satisfied to 
jut sit and l i s t e n  t o  the Chrrirmanls report without further nrgment," 
The result was that meetings of this large group of people could be nore 
effectively directed to cover the subject wtter and could be a l s o  ter- 
nirmtod w$th dispatch without daysing anyone the opportunity t o  state 
h i s  mind when he desired t o  do so, 



Nf NTH M3ET IN& 
SUBCOMMITTEE ON ICELDIITG 03 ARMOR 

S m Y ,  20 r n I E r n E R  1942 
HOT= STATLER, DETROIT, MICHIGAN 

The ninth meeting of the Subcommittee was held on 20 September 1942 
at the Hotel S t a t l e r ,  Detroit, Michigan, with 152 persons in attendance 
representing: 

Industrial - United States 
Tank Fabricstore 
Armor Produc ere 

36 
6 

Electr0d.e Manufacturers 32 
Core Wire Prnflucers 5 
Besi stance Velding Eauinment Mf rs, 6 
Aircraft Fabricators 14 

Government - United S t a t e s  
Ordnance Dsaartment 51 
ASP badquarters 1 
Ua S. wavy 2 
Army A i r  Forces 6 
War Production Board 2 
National Research Council 1 

Guests 7 

This meeting was opened by Col, Zornig with the follawlng remarks: 
"!% had originally, in the s e t u p  of the  Subcommittee under 

the Ferrous Metallurgical Advisory sosrd, a Subcommit tee on Re- 
eistance Welding. A t  that time i t  looked as though there would 
be the proper place for tko aubcommitteea on welding. The picture 
is somewhat changed, and it seems advieable Lo combine a l l  the 
armor welding work under one large subcommittee, so that t he  Sub- 
committee on Resi~tance !Yeldlng ha$ voted t o  come into t h e  Sub- 
committee on ?qelding of A m o r  and w i l l  form another GPOUP in t h i e  
committee, The Chnirman of that group w i l l  be Mr. 3, H. Cooper. 

"Also it has seemed that the weld.ing or fabrication of air- 
craft armor should be given some a t tent ion ,  and the metal lurgical  
or weld in^ rerjPesentatives of a good m q y  of the aircraft manu- 
facturing com~anies  haw been invited t o  join t h i s  Subcommittee. 
They r n i i l l  fafm another  Groux, now under this committee. The C h a i r  
man of the Afrcraft Fabricators' Grow w i l l  be M r ,  Merrlmn for 
the Tast Coast, and Mr. Forth for t h g  West Coast group." 

The Subcommitt~e on Be~ist~nce t d ~ l d i n g  had had a meeting on the 
mrevious day, 19 Sept~mber,  conducted by L t .  Col. Cox ns Chairman. A t  
that meeting t he  Subcommittee discussed a draft of R a~ecificatfon for  
resistance spat welding of armor which had heen prepared a t  JVatertavn 
Araenal and voted t o  reorganize as a Resistance :Velding Group of the Su* 
commit tee  on tfelding of Armor. Mr. Cooper wEs then elected Chairman of 



the Group. Copies of the current &af t s  of Ordnance Specif fcatians on 
Armor were also distributed to the members present. 

Mr. F. A. Lee wag added t o  the Group in view of the current activity 
of h i s  company fabric~ting spot welded half-track scout cme. Professor 
W, F. Hess of Remeelaer Polytechnic Institute was suggested for mam3arship 
bocause of his development work 04 spot welding methods. Thia mooting wns 
the third and last neeting o f  the Subcommittee on Resistance 7?clding, 

Since the question a f  supply of alloys for steel M i n g  waa now be- 
coming of increasing importance bscnuse of demand for  alloy steels f o r  
armor and other Ordnance itens aa w e l l  as naval constmotfon,  rapresanta- 
tivea of  tha War Production Board ~ t t e n d o d  those mooting8 to  in form the 
Subcommittee membership of tho current situation and trends and t o  f ind 
out how the various official  regulations wore working out in industry. 
This armngement for i n t e r c h e e  of information on of f ic ia l  orders and 
ideas between War Product;ion Board and Industry through the Subcommittee 
came about with the nttenbulco of Col, Zornig nt the Subcommittee meeting 
in Detroit on 1 March 1942. 

Mr. Sweeney reported on the curren* alloy situation: 
"Nearly a l l  ,M the c o m a  alloying elements for steel eLsa 

critf ca.1, but frequently you hear some ref erred to as ' easy1 and 
some as 'tighta. Those that  are referred t o  ae 'easy1 are easy 
only in relative sense, because foe nearly d l  of these elements 
we are depsndont, to  a large extent, upon importa, and th ie  pic- 
ture might easily change n t  sqr time due t a  a i f f iml t i ea  i n  ob- 
taining these naterials or by the switching of coqoa i t i ons  o f  
various s toela, 

tlMAnganese is n. good example of a c r i t i a l  material which is 
referred t o  frequently a~ ' e ~ s y ' ,  because at the present time the 
aupply is sufficfent t o  t&e cere of the demand, but of course, 
t h i s  cones from overseas to quite aa extent, and in the a s 4  of a 
long war we might eventwlly be pinched for t h i e  msrterid. 

"The next element is s i l icon,  and the m i n  factor i n  the sup- 
ply o f  silicon is sledtsic power and the allowtion of electric 
furnace capacity t o  the production of  this element. One of the 
possible neans of conservation th t  may eventually be necessary, 
bemuse of the power situation, is tho production of low silicon 
alloys rather than the high s i l i c o n  alloys. 

"The next elemont is chromium, md the long range plan for the 
production of chromium w i l l  eventually make this country independent 
of events outside of the Weatern Reunisphere. At the present tine 
chromium is relatively easy, too, but it could be easily upset by a 
change f n the requirements for  staels. 

nThe n a t  element is nickel. At t h e  present time nlckal f s in 
the balance. T h a t  means that the supply we have now t&es cwe  of 
the demad but that  is only because a great mqv conservation steps 
-bve been taken a d  t h i s  is a material which the future requirements 
indicate might easily be very tight once again. 

"Iybdemm has bad a hemy load t o  carry, because t h e  o r i g i n a l  
oonservation of  chromium and of  nickel and of tungsten has put a 



very heavy load on this materid,. A t  one tima the stoCkpiles of 
this were coneidersd almost in~xhaustible, but t h e m  have been 
very rapidly diminished and the trend now is t o  conserve molybdenum. 

"'kuzgmten, at the preeent time, f s just  in a state, of W ~ n c e ,  
but this again i s  one that could be very easily upset by a ckaTlge 
in requirements. 

"V~nadium has -bd a very heavy lord to carry because 09 the 
very lnrge increase in heavy forgings and in high speed cutting 
toole. V a n a d i u m  hELs been taken out of practfcally all oonetruction- 
r t l  steels and practically all high speed steal, except those for 
cutting toa ls  - for metal cutting tools. 

"Copper l o  considered so critically necessary t o  the non- 
ferrous uses that it has been practically eliminated from most 
steels, and the on ly  form of copper which is now being uaed in 
s tee l  is that which is available in mnel scrap. 

"Zirconium, titanium, and boron are slsments which deserve 
consideration because they are mailable and can be produced in 
much larger quantitf ow, and these elemento oan posaibly take 
some of the load off of the other more critictal steel  alloying 
element s r  

'Now there are some new N.9, steele - the 9400, the 9500 
ahd the 9600 seriee - and these stoela were designed t o  m k e  pasc 
sible the utilization of the residual o r  inofdental d l o y  content 
of met steel  scrap. In the 9400 series, the mangapass runs from 
.80/l.. 10, silicon from .b/, 60, nickel ,401 60, and ~0lybdenUI 
.15/,25. There is a 9600 seriea, which i e  nlah the one thmC doesn't 
have any molybdenum. It is a manganese-silicoa-chrome steel* The 
manganese is 1.20/1.60, cbPnme ,401.60 and silicori .40/.60. There 

. Pa one th ing that perhF.ps dl of you w i l l  be interested irl. In 
connection with these new N.E. e t e a l s  the WPB hopes t o  work out  a 
plali whereby experiment& heats of those steels can be nrecds w i t b  
out going through the long rigammolo of t r y ing  tn get  priority 
and permipaion t o  melt the various mtsrida. 

"Now thrro h a m  been adopted by the Navy, and 'I: understand 
it will be adnpted by the A ~ n y  nlso, a new analysis f o r  welding 
amor, of colzrse, the dropping of the chromium and nickel froa 
25/20 t o  1919 results in a very wreciable  conservationr This 
is n great aid in nootincg ths future requirements of nickel ~ n d  
chrome as the demand for rnnre and mora d t a y  stee l  increaseerr The 
one point I w a n t  to get across to you is that, while some of these 
rater ids  are relatively essy now, tha t  is, that the supply is equal 
to the denand, due t o  the rapidly increasing d a w d  i t  is goiw t o  
be neaedsary t o  d o  a d d f t i o ~  conservation as well ae: continue 
the present conservation of these various materials," 

Mr. Ostran added comnent~ on the electrode situation: 
"In the Electrode Group, the report for which I think w i l l  be 

presented lator, them were t w o  m d y e e s  of core wire that were 
selected as the analyses that w i l l  meet the neeas of the military 
services, both for welding all  of tho b d l i e t i c  t g p d  steels, with 
the modiff ed 1 8 / g  anPr3yais. Now, if 4 different rzsalyr is  can be 
developed t o  further conseme the alloy elemante, w& th&t is 



desirable, but the Welding Section of the War Production Board 
will recommend t o  the alloy group that no melttag of aw other 
analysis core wire will be made except these two analyses* These 
analyses ars odly steels for this particularr use* S t  does not 
mean If a chemical pmcesaor, or some other manufqcturer, has a 
nee& for say a straight 308 type or 307 tppe, that they must ac- 
cept th i s  analysis, For t h i s  particular use of welding of bu- 
listic type steels, these analyses will be aaopted, Now the reason 
ier that is w i l l  make more uniform melting i n  the m i l l s .  The mills 
w i l l  know ahead of t h e  wha t  they w i l l  melt t o r  It w i l l  give them 
a chance t o  melt the larger heats and shift  thoae heat8 to any of 
the electrode processes instoad of  hzlving to  hold on t o  l i t t l e  odds 
and ends of heats and savd them for the particular processor who 
has a spacial idea of what he wants. 

"We have, in the limitation order covering wolding xoder and 
electrodes, a 60-dkcp inventory limitation. We have evidence, both 
in some of am shipbuilding construction, and a good b i t  of tho 
tankbuildin$ construction, that their inventories are as high as 
160 days. Now that is r e d l y  serious because I t  mans that wa 
have dead m a t e r i d  in stock in the hands of the manufacturers with 
purchasing power. The larger manufacturers have much more PULP 
chasing power aKd ability, too, than the mnufacturers, and 
we are having p i % e  a serious problem throughout tho country with 
the small matlufactures who eannot got  delivery of ellactrodes. He 
i s  the fe l low who is making your subassemblies, perhaps making cast 
sections for you, w d  having to repair those castings with no weld- 
ing electrodes to repair than. Thera i s  116 objection nt all t o  
placing ordare on tho electrode procoosore, In fact ,  you will al- 
most have t o ,  The electrode processors at the present tfme cavlnot 
guazantee deliveries, because the demand in the rerating of p r i o r  
ities is just throwing everything out o f  balance, but you can placo 
your ordere and l o t  the processors know what your requirements w911 
be* In other worde, you can t e l l  the procosso'r %bat you w L l l  neod 
so maw thousand pouads of elsctrodee per m a t h  for a perlod, but 
&onlt e ~ e c t  asy processor to mike a promise to you now for delivery 
in 1343, because he is in no pos i t ion  t o  guarantee that he w i l l  keap 
it. He may be, and we expect he w i l l  be able to ,  by the end of the 
year*" 

Mrd Mclbwell reported on the previous day's meeting of the Homogeneous 
Armor Fabricators' G r o u p :  

"One bf  the met impoptant items that came up yesterday i n  
the discussions of both manua3. and automatic welding ie the Use 
of larger sizes of electrodes In the manual welding procedurels. 
Eqorinental work has been done with sizes up t o  l/2", and it was 
the opinion of most of the fabricators i n  the group who have tr ied  
these lsrgar sixes of slectrodcs that the weld Joints would pass 
the b a l l i s t i c  t e s t s  very stxtisfaetorily. To date several plates 

I 
have passed these tests.  At present, tho Ordnance Department 
does not f e e l  that there is enough information on h n d  t o  approve 
the use of tho larger eizoa of electrodes for productio~ use and 



islmsdi~ta steps n r s  baing t e e n  to have more plates f ired so am 
t o  obtain Chis n e e e m m y  infarmtion. 

'At the request of tbe Electrode Group, the fe~brf catoro 
agroed on several length$ for the various misea of electroderr that 
they w o u l d  w e .  For tho 1 8" a d  5/32" sizes, 14"lengths would 
be wed; for 3/16" and 1/4' sizes. the 18" length; mad for sizes 
from 5116-0 1/2", the 24" length electrode wvuld be used, 

"In the work o f  the Unionmelt welds, experiment& work i~ still 
being carried on by various  fabricator^, and Unionmelt f a  being 
used in production by several of the f abrigntors, but mostly on the 
thinner plate6 such as the joining of the Bigoneon a d  f loor  plates 
to the main side plates. 

"No inspo'rtnnt progress has been &a i n  the use of  ferrftic 
electrodem since the last nesting, !?!he results h e  been rather 
erratic and it, is impossible t o  draw any Uef f nite cgncluriione from 
the results t o  date. 

"In r e w d  to eleatrode specifacations, .the Group went on 
~ o c o P d  PS urging that the Ordnance Department take immediate steps 
to adopt n wiform armor electrode specif icatfon, zsaing either the 
General Motom or the A.W. S. specification as EL basis. In the dis- 
cueaion of Specif icatian AXS-497, it was recommended that upon the 
adoption of a urrif orm electrode specification, the d,ectrode brand 
aame be eliminated as one of the  variables in the welding procedure. 
Paragraph P.4 states that no repsir welding should be allowed on 
tho procrdure qYo;Lfficr?ltion test plates. In the discussion of 
t h i s  paragraph, it was brought out that thare were variow inter- 
pretations of thfe paragraph. some of the fabricators had beon 
repairing minor defects and some hard been submitting pl~tes with 
no tepairs of any kind, ~ n d  it is recomi@naod t h a t  t h i s  paragraph 
be clarified* With reference t o  paragraph F-2b, cancorning welder 
qualifications, i t  seems t ha t  Fn the different Ordmmce aiertrlcts 
thera are various interpretations as t o  the meaning gnd in tent  of 
this paragraph. The Qroup recommends that the proaieirlns rlf th i s  
paragraph be etrictlg adhered t o ,  as written, without l o c a l  O r W c e  
addendus. In regard t o  the i s o w c e  of new revisia&s a f  Specifla- 
t i n n  -5-497, it is recommended t h a t  the OrdnanOe &partmest adopt 
a uniform nethod and means of isouing new revieinns and thrat the 
specification cover letter  s h ~ u l d  Contain a stetemant as t o  &on the 
revised specif iestibn becomes affective. 

"everal of the fabricators complained o f  rocsiving armor plate 
that cantained cracks, etc., in the flame-cut sd$es o r  in the plate 
i t s o l f ,  and also re~e5ving p l ~ 1 t 0 8  where the flamwcut edges were ex- 
tremely hard. In t h i s  regard, the Group went on record as rscomc 
mending; that the plate manufacturere be required t o  supply pJetee 
free of cracks an8 with the hardneti~s of the flame-cut edges n o t  t o  
exceed 375 Brinellr In reg-d tn standard means of running the 
hardness tests on the-bead weldability test ,  it was the opinion of 
the majority of the Group that the hardnese survog, using the Rock- 

@ well machinl, wae not ~ccurate enough, ~ n d  the houp agreed that, 
in the futurr, all hardness teeting wouM be done using the Vickors 
brrlness teeter or the Vickers attachment f o r  tho superficial Rockwell, 



using a 5 kilogram load, and that the initial hardnese Indents- 
tione would start ir! the bohd l i n e  and extend at 'l/j~ fntervals 
into the plate on a l i n e  at right angles to the plate surface. 
It was also recommsnded that this same pocedurs bd adopted by 
the Eleatrode Group f o r  their tests.  In regard to welding 
b o l s  on engineering drawings, it was ag7esd that the use of the 
A. W. S. welding symbols wae entirely ~atisfactoryr '' 

Mr. Komsrnitsky asked: 
"1 under$tand that recommendation. hss been made by the Group 

that the present tolerancee are entirely satisfactory. Well, we 
have quite a lot of drawings which require plue or minus ~5/1000 
tolerance on plates several feet long, Xs t h i ~  sfttisfactoly? Those 
are the present tolerances. ThRt i e  one question, The seaand 
question is thie: Recommendation has been made by the Group t o  
l i m i t  the hardness of tho flrcme-cut edge on the plate t o  375 Brinell. 
There is quits a l o t  of 1/2n plate manufactured right now t o  the 
upper l i m i t  of 3550, wh$ch is ahtlrely- s~tiafactory 60  this limiCa- 
t i o n  of 375 Brine11 is not  exactly in line;" 

Mr, McDowell r@lfdd: 
' 'That question came up in th i s  discuesion, and it is evtdent 

tMt 80ao.of the fabrio~tors are not femiliar.with the krdgesa 
reguiremerntq on somo of the thinner plate sactione. The m ~ ~ j 0 ~ f t Y  
of them deal, wfth the heavier plates, in our group, m d  tha t  i B  
probably ww that was set  at 375." 

Mr, Bisae l l  remarked that in the 3hvp spec, the minimum. permissible 
temperature for armor when wolded.hrrd been sek at 60'F. instead of 70°FI 

Upon befw reminded, Mr. McDowell recalled n p o i n t  missed in hia prrsvious 
report: 

"In AXS-497, on the M5 l ight tank hul l  and the ~4 medium 
tank hull, for shock test plater, the roquirement of a caet and 
ro l l ed  cnmposita plate is l e f t  up t o  the  option of the manufacturer, 
whether they furnish a compo~ite plate or not, and it was felt 
that, sinoe thie had been left to the option of the mnW~cturer, 
it should be droppad fpom the specification because it was felt 
that the majority of the fabricators would not furnish this com- 
posite plate under these requirements in the present speclf icat.lanOt' 

With regard to gas cutting of armor, h,jor W d e  remarked: 
"If0 had considerable di f f  icUt;y with crncking when we first 

started t o  cut armor plate, We aoon found out  that due t o  the 
rapid cooling and hardenability of the plate, we g a t  a mrtens i t i c  
structure on the Plmslcut surface, By preheating that with burners 
under it, up t o  about &OO~F. ,  I think we have fairly overcome the 
trouble and it appaare that that crkckfng; condition does not exist 
a w  longer." 

With reference t o  xepsir of processing cracks in armor there was con side^ 
able discussion: 



. .  . 
"Some of our  hull fabficators have- a considerable, m u n t  of 

crnckedi plate, on hand. Now we are asking them to do this; To 
.. pick o u t  the worst plats,  weld I$$ the cracks along the edges, 
or wherever they may be, and submit this plate to Absrdeen; We 
can tell from that, after the ballistfe'test, whether their re- 
pair procedure has been aatisfnctory, and on. that basis w e  f e e l  . 
we can go ahgnd on tho balance of the plates.' 

MT. Jeffries: 
"1 thilrk you w i l l  f i n d  that.Aberdeen has n record where we 

sent  quite a number of plates down there* The results indicated 
that if the crnck was tao largo, you hed better reject t h e  plate; 
if y m  crack i s n ' t  too large, you had bettor leave it there - ff 
it torminates in a hole, f o r  example, There is riognrticular ad- 
vantage t o  be gained by welding cracke, if tho c r ~ c k  w i l l  not  go 
any further tlmn 8 hole, for oxamplo, from the edge of the plate t o  
a hole along the edge of the plate. We have g o t  t o  approach thie  
question of welding up crkcks In a stressed structure with a great 
deal of CRrer f f you dont t, you a r e  v81y likely t o  extend that 
crack and think you have it waldsd up, 'I 

Mr. McPherson: 
"Ve have had 8 little experience with roLdSng up cracked 

platas, over at  Milwaukee, and I fend t h t  i a  an attempt t o  grlnd 
out these snaller cracks, you will drivo that crack d l  the way 
through the A r m o r ,  so anyone who is wolding u~ thoso armor plats 
cracks, in grinding them o u t  yon had better t&e n radiograph 
of them because we hRd severnl instances where those, crrccks were 
put a11 t h a  WBJT through tho plate. T h a t  5s in homogqpoous plnta. " 
Mr. Diebold8 

I1Thcre has been a l o t  of. discussion hero PJbout minor cracks 
and unimportant craclcs and major cracks: What constitutes a minor 
crack and w h a t  conatitutea an e l l - f q o  rtant orack? 

UAnother question that occurs t o  me is, k t  f s al l  vary well 
for the fabricators to sw the plntes  should cone t o  them crads- 
frco, It is anothor thing to got them thct ww. Now, if you h a v e  
g o t  rt plate tteldod in to  a hu l l  and you discover a cmck, v L k t  do 
you do about i t I u  

Lt .  Pleas:  
"There him boen ti t o s t  run at Aberdeen about cracked plate, 

m d  extensive pSoof tests on t w o  or threo vehicles with  ttnrious 
~ i z e s  and shpos o f  p l ~ t a e  and cracks that began at the edge of 
the plate and ran i n t o  the h o l m  a c l  cracks of a more oxtQnsive, 
n~turc. faon those proof tests ware sent through, those  racks 
extended very little, and in most casee, n o t  at  all,  Since tknt 
t e s t  run thore has been p. recommendation nada to the Offico gf 
the Chicf of ordnance as t o  tho  standards f o r  accepting cracks, and 
I think you v i l l  f i n d  thore that- it h s  been agreed to accept small 
cracks which begin at t h e  edge of a plate. dvld and in a hole, or 



cracks of  not too great a length. T h a t ,  of course, has not been 
i ~ s u e d  t o  the Ordnance Districts, but 1 the& with some revision, 
and the approval of Ordnance, possibly th i s  work can be s&ttledmt' 

I t  was indioated by Major Coombe that this subject i s  befng considgred 
and a standard policy w i l l  be established. 

Mr. Abbbtt reported an the activity of the Face-Hardened Armor Fabricators' 
Group : 

"?he f i r s t  phsee of the work of  the Face-Elardenad Armor 
Fabricators1 Group h a  baen completed, t o  the point that the 
data azld methods of welding, a d  so forth,  have 811 been c o p  
bined into a specification which was submitted t o  the Speuifica- 
t i o n e  Group, from which the Specif %cation AXS-743 has baen made 
UP 

"Three of us, with Borne infornat ion that we obtained from 
a fourth concern, that is, thc Diebola Company, the &armon- 
Herrington Compaq, the Breese Company, and a t  f irst  the Chevrc- 
let Company, who were going t o  make fac~h8rdened armor vehiclee, 
which later on waa changed to homogeneous, did dl o f  the oxperi- 
mental w o ~ k  in the preparation of plates which were sent t o  Aber- 
deen, tested for both shock or bal l i s t i c  resistance, th i s  data 
compiled and p, ballistiC ohart  made q, as I say, tho  hock re- 
quirement~ made up, which is now Specification AX674j. Thare 
i s  only one bone of contention among thoee of us who nre now wold- 
ing facehardened plate, r e d l y  thee  organizations, and that is 
the method which we should qtlnlify our welders. I think that 
we w i l l  always be pretty much p in tho air on fmo-hardened 
plate, but the .requirements as s a t  f o r t h  in this epecificatlon 
now are mre or less of a compromise, and I think it is al l  right.  
We a r e  undergoing an electrode change and we axe undergoing a 
change ill the chemistry of ou r  platos which w i l l  make a considora- 
b l e  difference in the technfquo of welding, and I don1 t think that 
the Gmlzp can really make much more prograss than it has or do 
any experiments o r  research work that w i l l  be of groat value, 
unlesa those t w o  points are s tabi l i zed  - that is, the welding rod 
and the composition of face-hardened plate. Wo expect to stabilize 
the composition bf the frrce-hardened plate, the base chemistry. 

"Ye had a 'cookbookb or a manual, showing the various typee 
of joints that were W e ,  and with more or less instructions as to 
how t o  mako and weld thoae joints. That has been turned over, as 
I recall, to Ms. Brooker, who was going t o  have I t  published. He 
was going t o  make some revisfoas and corrections." 

Magor Goombe indicated that this w u a l  will be available within R. 
couple of weeks. 

Lt. Randall reported on a meeting of the Electrode Gmq held the previous 
day. Since Mr. Brooker had left t h e  Ordnance Dep~rtmont, Lt. Wdct l l ,  
Tank-Automotive Center, Detroit, b d  been appointnd Chairnan of tho Group 
by Col. Zornig: 

"Tho meeting was openad with a r q o r t  nf the status of the 



development on the 12/6/4 or 12/6/6 electrode. The chief develop 
ment in comectfon with that was that there seems t o  be a wide 
range of compositions under t e s t .  While there have been a raimber 
of samples submitted, they are not of a standard co os i t ion ,  
They vary from perhapa 4s mangsneee t o  as high as 6 7 or 6-1 / 2% 
manganese* Theme is apparently not sufficient data on any one 
composition t o  justify alpt definite conclusionsl 

'The next  subject that was discussed was the mtter of rqor* 
ing deposited metal analysie t o  fabricatore* I t  was not expected 
t h a t  there w o u l d  be any definite  conclusion ~eached,  and there 
wasn' to The methods that are in use by the various electrode manu- 
facturers, as far as t h e i r  control  over analysis is concerned, 
are so different that i t  doesnlt  seem practicd fop them to agree 
on my standard method of accomplishing that objeotive. It had 
been recommended sometime ago that n Core Wire Manuf~cturers' 
Group be formed, or that the cora wire manufactwars be represanted 
ae a part of the ELectrode & o q ,  a d  there were sword members 
or severd representat5vea of the care wisa manufacturers present 
at t h i s  meeting. I t  was agreed by both reproeentatives of the 
core wire mrmfacturers, and in general by diacuasion with members 
of the preeent Xlectrodo Group, that this was a desirable s t e p  in 
an attempt t o  reach agreement in the vmfaua items t h t  &re of 
mutual interest to theso two groups. It has beon recognized for 
some t ine, and discussod a t  somo previous meetings, that it will 
be dosirzblo to provide a atmdard core wire analysis t o  which 
electrode mufacturers would+conform in placing Lhair orders 
with the stool mills. The N a v y  lkpartmont had been w r y  much in- 
terested in this subject, undertaking the initiative in bringing 
together the olactrode aznufacturers and tho core wiro group, and 
at a recent meeting in Philadelphia, had rontlhed cer tai$ conclusions. 

"Thore is  ono which is known as a modified t ype  307. Mow these 
axe core wire. T h q  have nothi% t o  do with deposited metal. 

C m b o n  . . . . .07/.12 
Chromium . . 019.~/21.0 
N i c k 0 1  , . . . 9.2/10*7 
Manganese. . . . 3.75/4.75 . 

Si l icon.  , . . . .25/.60 
Phosphorus J . . .05 &AX. . . 

sULph~f.. . * r r .03M81X, 
Malybdenvln . r 25 

"Tho mdif ied type Jog, w'lich i s  the other type of core wire: 

Carbon . . . . ,07/~12 
Chromium . , . 20.5/22.5 
Nickel , . . . . 9.0/11,0 
Manganese. , . . 1.6/2,0 

Sil icon.  . , . . .25/. 60 
Phosphorus. . . .04Max. 
Sulphur. . . . .03 M a x r  
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' "As Mr, Ostrbm has said in his  previous remarks at t h i s  meet- 
ing, and as he said at this Electrode Group meting yesterdw, it - 
is t he  i n t e n t i o n  of the ~ I ~ R L ' +  Productton Board t o '  standardiee these 
two analyses as those whf ch w i l l  be available f o r  electrode manu- 
facturers vha are making electrodes for the welding of armor plate, 
and they ea~parantly ,me going t o  be tho only ones available. I t  
developed t h a t  there were a number of electrodo mhnufncturers, f ive  
to be exact, who were un-ble t o  coat electrodes in lengths ex- 
ca~ding 18". Thero were still others* '?e l l ,  there brrs on2 who 
t n s  l i m i t e d  t o  22"* two othosa who twre Zimfted t o  24". md ap- 
proximztely three who could coat electrodes as long P.B 36''. Eo- 
ever, in t h i s  discussion thore wns considerc.ble point w.de of the 
fec t  t k t  change8 i n  olactrode length, when you ,-a coating the 
same s i z e  electrode,  i n t e r f e re  wlth productionc 

'llr. Ostrorn of the  Ihr Production Board bns poifited out 
previously t h o  shortego of electrode c o e t i n g  c a p ~ c i t y  i n  t h i s  
country, and it wcze felt f o r  t*hnt reason it  w o u l d  be dosirable, 
if poeeiblo, t o  standnrdizo electrodo Longthe, and a motion was 
mndo ,md carried t o  aok the Homogerroous Pnbrientors Lo recammond 
a s ing le  electrode length f o r  oach dimater of e lec t rode .  These 
recommendations were discussed by the Electrode Group, md there 
were aomo points on which the two clis,agrec, which i~ t o  be ox- 
pecked, p o r h - e ,  On the $/gf' nnd 5/32' dinmeters, both agree on 
the 14" length, On the 3/16" diweter olcctrode, the fabricators 
requested nn lgt '  l o e t h .  The alcrctrode mlmfacturere, the Navy 
specif icnt ians ,  2nd opinions voiced at tho  meeting informally, 1 
agreed tha t  14" w;l,s desirable with thc  3/16". For a lectroae sizes 
of 114" and avor, thma tme no general ~greement in the 3lectrods 
Croup, As F- r o e u l t ,  o motion wRe mnae ,and carried that each elec- 
trode manufacturer wauld, i n  tho electrodo sizos 1/4" nnd over, 
aubmit to tho Philadalphin N a v y  Yard immodi~tely, e l  actrodas a0 
the various lengths  under discussion. T h t  waa f clt desirable, 
as t h e  Ncl,oy Department specif icatioss cal l  f o r  cer tp in  electrode 
lengths. 

"There was a very brief discussion of the 55 chromium-55 
nickel-0.858 carbon o l e e  trotle, ~ h i c h  h s  baon discussed- it. pre- 
vious r n e e t i ~ a ,  and on which tho prc'limimry tests have been 
mde, Briefly, those  p r e l i m i m p  t o s t s  indicated that the c o w .  
posit ions  submitted did  not k v e  q v  r.pprecfable duct i l i ty  and 
b * d  considerably greater hardnoas than lmd been expected, Further 
modif icatlons, wa understr.nd, m e  being worked upon, There was 
one o t h a r  item, concerning the  %hortc?go of nrmr f a r  experimental 
work* This shortage of armor i s  something with which A 1 1  o f  you 
are f amil f ~ 2 ,  nnd the necoss i ty f o r  dovoloprnent work, development 
of electrodes, Rnd so f o r t h  is recognized Ench request that is 
made for such o x p e r i n o n t d  nrmor s h ~ u l d  be j u a t i f  fed with ct s tn to -  
ment as t o  the type of t e s t a  thst nrc plnnned m8 the rcaults  or 
the benefits t:kt era t o  bo obtained, if tho results o r e  entJs-. 
factory." 

Lt. Randall raf orrad t o  a now typo of shock t e s t  being used nt  tho 
Netv~l Research Laborntory I-ir. Jackson, This tsst will be dkscuss~d 



Iatsr. Tn oonnsetion with tho t es ts  of electrode8 by the Nary both 14' 
and latt lengths of the 3/16" diameter w i l l  be tested. 

Mr. Biederman explaingd the cage for lmge diameter electrodeat 
"We have &ne a lot of  work on these eI,eclxodes, and the 

A r q  has an entirely different problem than the Nmy, due t o  
the fact that on our work, ~iinco we have introduced the large 
electrodes that  are into production up t o  3/8" we have picked 
up 17-11296 mre pmduction. T h a t  means that we w i l l  have a 
couple a f  hundred less  weldors in our plant. The N a v y 1  s t estt 
on t ha t  olectrodo doesn't most o w  requfrsrnents due to .the 
fac t  t b t  we are lwfng down almost double the pounde per weld. 
that the Navy is. We ara working in reetriqted apace. We have 
g o t  very expeneive f ixtwo$.  We h v s  go t  ta get  t h a t  pmt out  
of t h ~ t  fixturo ae wick17 as possible, and if we do get  some 
restrictions, it means we have t o  go out and build other  fixtures, 
get more f l o o r  spaco, put more men t o  work, For instmaa, on the 
3/8" rod, it was possible for one m3n t o  l4v down 1g t o  21 pounde 
in one h o u r  Now thoee f igurse hava been Izlzheatd of befora, when 
you talk about welding at two pounds an houro average, and it is 
importat for us RE a manufacturer of these terhiclsa t o  got  these 
lengths due t o  the fact that t h e  longer length a l s o  gives the 
man a lot more relaxation as n weldor., Ho is f ~ ~ t h e r  a w  from 
his work.- When he start~l his weld, he works through a longer 
arc. That lets tha rum s t a y  on the job longer. I f  the m a n  is 
using a 14" length, his nose is a l w ~ s  clown in that  weld, The 
only  w q  he gats his nose out is t o  stop 

The purpose of two ba~ic compositions far core w i r e  wero explained by 
Mr. Bleocksr: 

"I th ink  it ought t o  ba brought out ,  on these two annlysee 
t h t  Lieutenant h d & l l  mentions, namely the 307 and 308, that 
i t  i s n '  t tho intention, a6 discussed in tho meeting yesterdqr, . 
that the uae' of tho 307 with manganese in the core nirs be cow 
puldory, FhRt is, fo r  Ordn~nce work modification can be done, 
as hR~^been dono, and I auppose if the tank manufacturers wish 
it ,  w i l l  continue t o  be done on tho 308 sp~cificatOon* That is, 
that can be modified with e i ther  manganescl ox molybdenum, The 
reason for tho 307 is that the Navy wants a 3-vosilion rod, .ad 
they feel that tho mangpmse in the wire is necessary." 

The dasfrhbility of sttmdaxdfzing electrode asizes was emphasized by Mro 
0s trom: 

"It is just to s e t  soma atfindard. &w we =roe that a l o t  
of benefit can be gained by using lmgor diameter electradee, 
and a160 langer,longths, and I t  is dust t o  s e t  some s t ~ n d m & ,  
Our electrode maMacturars have been asked f o r  lg\ aX)" 7 2 24", 
28", 30" and 36" langths. Now tb.t in i t se l f  is going j u s t  a l i t t l e  
t o o  far, Y f  WQ can standatdizo on one length, it w i l l  mslrs a saving 
and also allow the eloctrado manufnctuxors to prbduce one erize and 
not have a l o t  of  oddlji and ends in their shop, 1wing = b u d  wait- 
ing f o r  sowbody t o  domind tho 6dd l o t s ,  and what not, and also t o  
g ~ t  a un%formitq of use. 1 think we w i l l  a l l  benefit." 



Lt, Raaaall explained the purpoao of tho Navy t o s t a  which wore referf.sd 
t o  in hia report: 

"here is one other  thing which pshtxps I fa i led  t o  bring 
out clearly in conxlerct-lon with that report, and that is thnt the 
War Production Board is in the praceas of Sesufng a stnndardSah- 
t f o n  order on l o ~ t h  of electrodes, find i t  makes th is  question 
one of somewhat more importaco, t h ~ t  we arrive nt n proper an- 
ever which w i l l  be satisfnctozy t o  everybody concerned. In o t h o r  
words, the ques~tidna as t o  the standards, or propossd standrde 
whfch were read t o  ua t he  rlCher would not  have boen i n  ac- 
aomnce with the ~ecommendationo of the Homogeneous Armor Fab- 
ricators' Group, nor ox~ctly in aacorbnce with some o f  the 
opinions of the eloctrbdn manufacturers. So tb.t waa one pur- 
pose in getting some exporimontnl work done, to facilitate that." 

Mr. Bisderrean was quite ineistent that the problem of wmnr fabricators 
be recognized: 

nI would suggest that the IPB come up and see our actual 
problem8 and see thoss rods right in production before thoy 
would evan attempt to rwy that a corta2n length rod should ba 
used, I beliavo we x ~ e  pouring m o m  weldtng rod i n t o  amor 
plato than nw company t o w ,  nt  this tino, and we would be 
o n l y  t o n  willing t o  have thorn invastigats our problem befnro they 
W o  any decisions whfch w i l l  affect  n u  aver-all progrm. It 
i s  getting t o  the point whero one l i t t l a  c h a g e  i s  a big item 
t o  w*"  

Wf th raferenoo t o  conpoaiticln n f  the caro wire, Eilejo~ Richrdson mmonted: 
"fn connoctian v i t h  th is  e n q o e  i t i o n ,  ref orring ~ p e c i f  ic- 

ally t o  carbon oontant, in the process g f  making eta inless  steel 
the amount of scrap that can be melted depends upon the carbnn 
content. If you specify 8 .07$ naxi~m, very l i t t l e  scrap e,m 
be used in most precesses. If it i sn ' t  neceeeary t o  specify .07$ 
mximun, .lo$ can bo used* or wen .12$, parnitting the use nf 
a l~ ,rge .quantity nf the stainloss  steel scrap. I think mst n i l la  
aacumulato abut 4556 them~el~es .  f n a .OT$ carbon, thoy can per-r 
haps use 10 trj 20% in the charge. If yau given them .10$ carbon, 
the averago probably would run up t o  35$, and ,125 anrbon, p e r  
haps 50$. T h a t  permits considerable EIRTI~~ of tho virgin nlloys, 
nickel ~ n r l  chrom.lum. TVo -'mv~, cnntactod the ateel nflls about it 
frequently, but they state thnt tho core wire manufacturers in- 
~ i ~ t  on the  loweet carbon. I t  Isn't  nouessary, but it is ~ o i n g  
t o  be a help a11 the  w@y around, " 
It was pointed out by Cal,  Zornig t-%t tho aarbon range pcrnitted 

by the proposed atmdard f e 0,07$ to 0.12% which shnuld satisfy every- 
body in view of the %jar's remarks. 

With roferente to the ulse of the Nnvy Torture Test fnx testing the various 
sizes nP nodif i e d  stainless ole ctrndos, Mr. M i l l o r  (~efd-Avery ) cammented: 

"If thet i a  the case, 1 certninly rocomend that you do 
not use ~l root sample h n  the 5/16" and j/8", It is almost impossible 0 



t o  ooatrol the 5/16~, down t o  a very narrow mp ae on y o u r  tor- 
ture tes t ,  and i t  i~ not a proces8 being carried out in production." 

Mr. B i s a e l l  replied: 
"It is probabls that wlth the heavier electrodoa it would 

be desirable t o  use the gap they use ia the taak construction. 
I thf nk that i s  the better way t o  do, but use the reetrained mp." 

Mr. Bissell further remarked, upon question by Mr. Biedarman, that three 
brands of modif f ed 18/g electrodes had bean aooepted on the basis of the 
torture test ,  Mr. Biederman than expressed the thought thst these three 
brands need qot bo again tasted. To this Mr. Biseel l  rqliedr 

"Mr, Biedsrman, there is no d e f i n i t e  program agreed upon. 
The idea was vaguely t o  use the tor tws  tes t ,  but there will be 
no decision until we get  together with you and others t o  deter- 
mine what t o a t  t o  use t o  detomino the properties of a l e c t r o d ~ s  
that w o u l d  be a porfactly fair t o s t ,  Tbis t o o t  is t o  dotermine 
the length of tho alectrode, as I understand it. We w i l l  run 
the test, however, tho way tho armor people want it." 

b J o r  Coombe reported on tho meeting of the Specff i c ~ t i o n s  Group held t 4o  
previoua evening: 

Wo met again l b s  t night to discuss y asterday' $ Group meet- 
i n g ~  and their recommendations on thego specifications. Wo ro- 
viewed tho item thnt wore mentioned by the Ohsirman of tho Fnb- 
rfcators' Group, and decided that they did not Inerit the Spe~if ic4-  
tions Group having an immadiate meeting for anothsr rwision, but 
that rather these itoma W s r  discussion would be reviwed b the 
Office of the Chief o f  Ordnance, and where necessary, directives 
would be issued which would clarify theee queationa or would make 
certain changes. I might add that any chargas in specifications 
from now on w l l l  be mado on the basis of tho sngineerjng facts and 
not opinions. 

"On tho subject of speoifications, the Ordaanco DQpartmBnt, 
n o t  the ~ e c f f 9 c a t i o n e  Group, has added the AXE-770 on Weldtng 
Nomenclatureo We have i n  process, now, spocif icrt iona on Stand- 
arde and Symbolam These are Bmsrican Welding Society aad Navy 
Department specif fcations, and w i l l  be adopted by O ~ ~ c e ,  or f 
should say, are befrrg adopted. I think they will help the speci- 
fication problem. This Specificntions Group has been of great 
help t o  the Office of the Chiof of Ordnance Pn clarifying speci- 

' f icat ions and helping us an our specffiaation work. I, at this  
time, would l i k e  to  suggest that the ammr makers hRve a similar 
g r a q  on spncffleations, and that there be co-operation between 
suah R rrpoafffcation group for  the armor makers and tho welding 
people, because our  problem8 are running hand in htwd, If the 
P X P ~ O F  people would give considoration t o  our problems euld would 
ask us what  they axe, I think that they could h i t  a l i t t l e  nearer 
on the a m r  compaaitions. 

'qhere i d  now a spscffPcation on armor which cdls for a 
-30% d o n  rnarintm, on thickne~seta from 1/L" to 1-1/85 A wpeci- 
f i a t i o n  on thicker armor, whfah is under dlscuesian, will call 



for the aame l i m i t s t i o n *  It spans that it was brought ant yes- 
terday, by .! member of the F~~brfcntors ,  tht n o t  ~ 1 1  of thf e 
armor is being welded, thct strategic nlloys could be reduced 
in armor cr-stings which ere not  t o  be vslded, if F, higher cc,rbon 
content  wera permitted. NOW I thlnk: thc t is sanething t h ~ t  the  
nrmor fabric~,tora ~ n d  c ~ ~ s t c r s  cauld t ~ k e  up, " 

There wrs some comment about heat treating dif f icul ty  with s o.~o$ C n~xlmurn 
plete Major Coombe ~ g a i a  emphcsized his suggostioa a'bout coLoperation 
between armor produeera a d  faBricfi.tora. Mr. B i r d ~ r ~ w ~ n  out l ined a t p s t  he 
p l ~ a n e d  t o  make $0 show e f f ec t  of c~,l'bon, if my: 

"M~ja r  Coonbe, we hrve bsen up ~ g s f n s t  t h i s *  higher cErbon, 
end tve didn't know if i t  cnxses trouble or whether it clidnl t 
cPuse us t raub l~ ,  nand you night be i n t e r e a t ~ d  i n  pr, t ~ s t  we n r a  
going t o  wke. We 8re going to t ~ k e  the wme cornnosition pretty 
nPer P-11 t h ?  W F ~  t h r o ~ h ,  znd we w i l l  hme  four pla.tes of 0.25% 
c ~ ~ r b o n ;  four n l p t p p ,  1-I/?', n,t 0.70%; four  ~t 0.355 carbon; ~ n d  
four at Chhd c ~ r b o n ;  enc! t h o s ~  ~ l ~ t n s  will ~ 1 1  go t o  Aberd~cn. 
snd we wfah tht Aberdeen would t & ~  p ~ i n s  with them, because 
t h ~ t  r?iplht pnswer n lot of auestinns an t h i s  c ~ r b o n .  '!?P w i l l  
wpld a l l  p l m t ~ e  w i t h  t h ~  esmp a l a n  pad PTOCPAUTP p.11 the way 
through, with nxnctlv thn s a m ~  ~ P C ~ F O ~ @ ,  P O O ~  OF bed, so t h ~ t  
W P  get t h ~  a l f f ~ r ~ n c e  in t h ~  c~.rbon." 

On ?.h~ ~ f f e c t  of t h ~  c~crbon content ,  Mr. Xomnrnits!cy commentad: 
'1 WI ~frrt5.d t h n t  the c ~ r b o n  con ten t  "is R cohvenient goat 

to h n g  quite R. l o t  of qralding t r o u b l ~ s  bn, ~.nd i s u s ~ d  ro.ther 
9,s R s i m f a l i f i n d  cx~~roach t o  the problan; 'QF! found out in our 
larark t h n t  the c ~ r b a n  content elone is n o t  the,crfterion es t o  
whether thn p l a t c  cFn bfi welded or not, The c r i t e r i o n  is the  
hardanability cb,racterist ics of the- steels, and they are not  ded 
nendent alone ou the carbon content .  They 8 . w  dependent on tho 
conbination of other  elements in the steel. ?Je found definitelyl 
for Ins t~nce ,  that the ~ t m l  v i t h  .26/.27 e~r'bo-n had hnrd~nnbility 
chernc teris tics in such s npnner th? t, genernlly, when hnrdenw 
b i l i t y  t es ts  on the. surface give e naxintm %che11 hardness a%ave 
50, you gift in trouble, regwdless of t h e  carbon content., And we 
found- othsrwise t h a t  the carbon con tan t  of t h e  b.rdenabil i ty  
curves ere such thn-t m a x i m  R o c b e l l  hardness on- the surfec~ 
obteinable is less  than 50." , 

, Which wns corroboreted ly Mr. Mikkqln.pov: 
"1 would l i k e  t o  6ILbfft~ntiato Nr. ~ o m r n i t s k y t . s  stFttem0nt; 

the carbon content  ?*lone doesnl t meen thing.  JP0 b.ve svidenbs 
that s tee l -  c m o r  plate wf th - cr.rbon coh ten t  ea high 8s 0.45 c ~ r b o n  
he.s E. far bett,ar treldf ng charactt.ristlc th?.n crmor with lowep CR* 

bon content, providing t h e t  the  other al10;ying el  ~mantR are no t  
preaeat, In o tha r  wor4a. i t  i a  e n t i r e l y  o aunstlon of hnrdena- 
b i l i t y  of the s tee l  nnrl. t ! le  n . ? t t e r  of h4at treatment -ensuing. The 
thing which aines"you trouble in w e l d i n g  is w-hat h m ~ e n s  t o  t h e  
plate a f t ~ r  quenching, which is  axneriencsd fluring ~.'~lFling, h t r  
if the ple.ts i t  self lp,e b w p  quenched more r?r~,,.stically bef o r e h n c l  



0 than the weld can quench it, then the weld w i l l  not  affect the 
plate. So i t  is not the carbon alone, but the hardanabilf ty 'and 
the w a y  it has been querrahed, and the heat treating, which affects 
the welding. 

In order to get better agreement on th i s  subject, Col, Zornig suggested: 
"Along the l i n e  o f  t h i s  discussion, I will take i t  upon 

q e e l f  to make arrangements to get repreaentatfves of  the welders 
and the armor pXate.manufacturers together in the no t  too  distant 
future, t o  go into the matter further." 

Mr. Vennerholm pointed o u t  that: 
"There are quite a lot of inconsistencies, as far as the 

carbon cantant is concerned, As manufacturers of teat  armor, 
the present time, we are permitted to  use up t o  0.35 carbon, and 
for the manufacturers of rolled armor the l i m i t  is 0.30. T h a t  in 
i t s e l f  is  very i n c o n s i s t e n t .  Furthermore, this 0.30 carbon l i m i t -  
ation of r o l l e d  armor forces the manufacturer t o  use considerably 
more alloying, elements, s tratsgic elements, t b n  would bo necessary. I' 

Mr. Cooper presented a report of the resistance welding situation: 
"On behalf of the Resist~nce Walding Group, RB new pembers, 

we wish to state that this  is  going to help answer a l o t  o f  our 
headaches, We have lacked the connection with the applicntions 
and that haa been a great deal mare important in the c&se of re- 
sistance welding than i t  i e  fn ar& weldiag, because the geometry 
of the work, fl"nees of your plates, whether they can be pressed 
together, alloys, the rest of it, is a great deal mre fmortant 
t o  us than perhaps it is to an arc welding process which i e  -much 
more f lex ible  in application. 

"About a year ago, certain members in the services, beelause 
of their  connection w i t h  res i s tance  welding, thought t h a t  there 
might be a poesibif  i ty of applying either flash welding a r  spot 
welding, and, since there was 30 mechanism set up to say  for sure, 
no research council as we have now, they approached sever~ll mew 
bers of the Resist~nqe Welder Manufacturers Aesaciation, and at 
least one user, to form t h i s  committee i n  conjunction with the 
service units from the di f ferent  arsenslfi and one aircraft group. 
This work of attachments to armor p l a t e  of  low carbon ateel, low 
al loy ,  s ta in less  or armor plate, had' t o  be investigated. The 
lapping of j o i n t s ,  the use of butt straps and the  question of  
face-hardened plate vemus homogeneous were discuese4. Nobody 
knew whether they could be resistance welddd, So the manufacturers 
divided up c e r t a i n  proJects, approximately equal, between spot - 
welding find flash welding, and started in to make their smples. 

"Flash welding was a l i t t l e  b i t  different because while rou 
could work out techniques i n  a laboratory, which could be basically 
judged only by the criterion of -hardness, that is, Tickers-hckwell 
plots across the weld zona %rying to keep the maxim brdneas  
ainilar to the plate, it couldn't go very fay cn b a l l i s t i c  t e s t s  
because the samples, which are adequate for ballistic firing, are 
almost beyond the range of available machinep, However, re were 
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fortunate fn having one of the members convince h5s management 
that they should build large machines to  try this out, and if 
it m s  ratisfactorfro they could go ahead and h e  some production 
welds. This l imitat ion on machines in flash woldfing is a 6erious 
oner LaFge f l ~ s h  welders involve machines with a price of six 
figures* In aome caseo, a quarter of a mill ion dollars i s n l  t at 
a1 out of range and the question of power demand and srupp1.y is 
another inpor tant  feature. Wa M e  almost come t o  a dead end on 
f lash  welding work unless some of you f ellowa, as usaro, can give 
us some specific applications through proper chahnela. I f ,  ae 
homogebeow or facpbrdenod fabricators, your committee chirman 
omno t report t o  OUT eomni t t e e  chairma aome specific applicatf ons, 
we are alnost at a dead end. I think t h t  i s  an important potnt, 
beeause we have gone about aa far as we can without knowing specific 
applicationso 

"One of the main items under consideration is the Specification 
WXS-169 which we hope t o  have o u t  so a complete a p e c i f i a t i o n  t o  be 
turned over t o  tho Slpecifications Group in the naxt few weeks. 'Phnt 
hao  been dragging along beuauso of Pack of technical information. 
We think now we can fill in the gags md submit that t o  the rest of 
the groups, after i t  ha8 passed tha Specif iaationa Group, as a 
qualified specifioatibn for process and. inspection requirements 
during fabricationh 

"The factor of hardonability of s t o s l s  has been ci headache 
t a  us. t?e started out at a tfno n yoas ago when everybody was 
considering 5% nickel, and that maybe was fortunate, Ijeehuse if 
we could wold t h ~  analysis a year ago I think WQ could mafly weld 
the ones that a r e  be iw  s tnbi l i zed  now, On the othor hand, thero 
are still two schoola of tkought a8 t o  tbe offoct nf the analysis 
as ooncerned with tho resiatmco welding proeossos. One school nf 
thowht i e  bh&t the mro rlrcatic penching rate ~nakes the peak hard- 
noeaoa greater on resistance w e l R i n g  procasses. Other groups, 
and t h q  have equally good reaeons, seem to think that the tem- 
perature from which tho quench is e t a r t o d  in the arc mkes the 
graieat  so much stoeper than thnt obtained i n  resistance welding, 
particularly with tho eo-called aua.t&ering process, or poet- 
heating, tha t  tho prncess of spot welding is l e s s  ~ r i t l c a l ~  To 
d a t o  wo h v o  no oxaut data, Mr. M ~ l a p o v ' 8  cnmittee should in 
the near future bo able t o  a n a m  thnt  queet lon f o r  us* 

"Aa far a$ tho psogect uarlerway is concerned, the work, in the 
lnboratories of tho Group members is going very s1nwI.y. It is 
going slowly bocause it is t ied up with the  applicntfona, and 
similnrly to flash welding, we ask that you fabricntors furnish 
through your Chairma as mmy spscif icatinn applications a$ you 
can. We me faced right o f f  in spot waldiw with the questions: 
b t  throat depth & :YOU needf . What P w e  of thicknesses? What 
are some o f  tho powr limitations? Mainly we neod t o  know j u s t  
the thickheeses, the type 00 joints,  whethr butt joints are 
practical. 

Brnig made a suggesrtion: 
"1 would  l i k o  t o  xaake a swgestion - t,bt your Group get up a 



questionnaire as to the type of information that you wauld l i k e ,  
as t o  gaps and things of that sort, and we w i l l  attempt ta cir- 
culate that t o  the Pabricstors and get it bsck t o  you, 1 think 
that ia probably the best preliminary s t e p  that we can do in t ha t  
l i n e .  Is that aatisf&rtary? If you w i l l  send that to  me a t  water- 
town, f will, see that i t  gets circulated t o  the fabricators' g o u p s  
and back t o  you. " 

This suggestion was agreed to by Mr. Cooper and Mr. Biederman made a 8%- 

gest ion about flash "welding: 
we h&ve done some flaah welding in the very beginning, with 

a couple of the ~ u f a c t u r o r a ,  on 3/4" plate ,  and had it f i r e d  
b~lli~tically. Wo had some good ones and bad ones but, if the 
flash welding could be controllad then i t  would be a 1005& Job. 
I think the resistance welder mufacturere have g o t  a b i g  job 
here that can help thie whole program by working with the steal 
mills,  They run plates now whera they ctzt half of the plate out 
t o  ship half of it. I f  it's a foot too s m a l l ,  they have got  to send 
it back as aorap, where by moms of flash welding, they could weld 
a piece on the end and g e t  ~nothor plate, 1 n other  words, tho 
s t eo l  manufacturer could cut hie acrap from 406 t o  50% down t o  
30% t o  40% and it would mom tkWt everybody would have to have a 
big machine, It could be 8 sort of aetug there whre.al1 the 
scrRp from tho plate m~tnufacturer would go t o  thks one source 
and be flaah welded into larger platos so they i n  turn cbuld be 
cut i n t o  new units, and it would oavo fin awful l o t  of malting n m  
s t a e l  all the time, ospocidly  3/ht1, 1/2", 3/8" aad 1" plate. I 
offer that just as a sugg~etion of salvage." 

Major McInnes reportod on the A i r a ~ ~ f  t Armor YElbriczrtorer8 Group: 
"9he Aircraft Group i s  a brand now Group. The f irst  meeting 

was held yestorbay m d  we covered merely the graupdwork of w h a t  
was wanted, The primary function of the Group ie as much instal la-  
t i o n  as i t  is fabrication, .but the two are  so  interlinked that we 
thought it  was good t o  t i e  i n  with t h i s  Subaonunittee. For that 
reason, tho Chairman o f  thie Committee and porwnnel at Wright 
Tio ld  dacided t o  go &head find request the xepreeentative aircroft 
manufacturers t o  organize this Grorrp, with the idea of keeping it 
strictly t o  aircraft manufacturers t o  prevent the group from be- 
ing too large, ond a l s o  recognizing the faot that there were so 
m a n y  structural problems coming ug which were of very l i t t l e  in- 
torost to steel people and a good percentage of the welding people. 
By including the knowledge of this Committee wo get a much broader 
field to attaok the problom, because it caa bring in the problem 
of welding c l ip s ,  which i s  the first item of importance. It elim- 
inates bolt holos, decreases tolerance restrictions, which has 
always beon a bugaboo for tho a ircraf t  people, or not so much t o  
them as i t  ha8 been the people trying t o  supply them, find i t  oncled 
up that the m i n  problom at preaent is tho method of attaching clips,  

a either by tho resistance welding method, by tho f i l l e t  type o f  arc 
welding, or a plug type of a rc  weld. 



o f  just how thsee variou~ vehicles or various fabricators1 vehicles  
are going t o  stand up in combat, There be other commente that 
other Pepreeentatives of the Ordtlance Department w i l l  make f o r  a 
new requfrem~nt o f  the ballistic t e s t  on a fabricated hull.'' 

&jar Coombe commented further: 
Itwe have no rzmorts on the performance -of thas'e vehicles i n  

battle. As Lieutenant Pless has expliined, the qualification t e s t  
plate does not give us any indication of the pePformce  of w h a t  
you are putting in to  the t~nk. Our inspection is far from adequate. 
We do not have 100% radiogra~hic idspection.  We b v e  inexperienced 
inspectors. We cannot t e l l  how these jsints are made. I think we 
all  know. that you can't tell by looking ~t a weld what i e  inside o f  
i t .  The only proof we know an that is to shoqt at it and see how 
the tank hull atandl up, (1) as a atmcture, ( 2 )  how the welded 
j o i n t s  stand up, Until we csn provide 8 100% radiographic i a s p e r  
t i o n ,  f know of no other way o f  proving these structuree except 
shboting at them." 

4 

Mr. Baymo commented generally on production and fabrication d i f f i c u l t i e s  o f  
tank fabricators: 

"I am very much i n  accord with w b t  you are swing here and 
the thing that gives me concern is the snai l - l ike  pnce at which the 
opinions move along i n  engineering' tanks that you are going t o  be 
guided by hersaftor, I think i t  was at the Pittsburgh meeting that 
someone made a suggest5on t h a t  vhRt we needed was-an electrode of 
one composition. ' T t  wae thoroughly rejected at that time because 
of the reluctance of ell of us t o  s s c r i ~ i d e  .our prerogative to  
bu i id  an electrode as we thought best ,  o r  as a fabricator thought 
best to meet his needs and such. We have waited u n t i l  Old Mother 
Necessity brings us down ta onc ~ l e c t r o d e .  I think i t  w ~ s  the 
finest thing that was reported t o  the Conmiittee thus far, The same 
holds true far these vehicles that w e  have now decided to  f ind  out  
what they really are by actually shooting at them. What f am 
wondering by now is, haw much longer we are aoing t o  fuse around 
on this armor proposition. Tolerances on dimensions of p la t e ,  
for example--the subject was very thoroughly k i ~ s e d  this morning, 
and evexybo&v, I think, got  the impression that thefe is nothing 
t o  be concerned about. Yesterday, we ware concerned w i t h  getting 
corrugated plate. We were not talking about plus or minus, 1116th 
of an inch, nor were we talking about ~5/i000ths. We were talking 
about iousy  layout and cutting, where the p late  was coming 1/2" or 
3/kn undersize, oversize, and such as that. We haven't talked to 
date about the problems t b t  we are actual ly  concerned vi th, the 
subJect of gos cutting procedure, It i s  a l l  solved, yet we are 
getting plate wi th  the gas-cut adgeo ruaaPng t o  600 Brinell. 
How are we golng t o  make a sound weld on that kind of p t u f f ?  Who 
has got , t o  live with that problem7 We know why i t  f e 600 Brinel l ,  
and we know why it is s p l i t  from one end t o  the other. Are we 
hqw about theee things? 1 see no reason why we shollld be. The 
repair of cracks--well, that is A very trivial subject, Suppose 
due t~ gas-cutting teahnique with the composftian o f  the armors 
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- • that we are trying to  w e  you get a p l a t s  into 8 vehicle, let us 
say, a s'fde plate $rid find that i t  f s aplilt over an area o f  a foot 
with no opporbunlty for radioeraphic inspection of that. I am 
t a l k i n g  about spllts  in a g la te  - i t  doeentt dwelop until the 
plate is substantially welded into the eehiole. How do we repair 
it  and what does i t  mean t o  you when you have too many o f  these 
plates? I think this committee as a whole ought to go on record, 
and 1 w o u l d  like t o  put i t  i n  the form of a motion .for that mattier 
that you, as you offered thia morning, t o  bring every b i t  of pres- 
sure possible to bear an the steel makere and lqbricators, though 
I see no place for  the fabricators i n  the picture at all, to  get 
down to wiform requiremente for armor 'am regards. weldability. 
I f  the reports that were made Co us yesterdq are correot, we as 
the fabricator, who have bean welding hulls for bettor than a 
pear now, stand t o  start from scratch again because of louay mmor 
compositions and poor w o r m s h i p  in cr~nnection with f t. Now, 
what &re we going t o  do about it? Arc we ming to l e t  it work 
i t s e l f  ayt in another 6 months or aro we going to do aomet;hi% 
about it now?" 

Col. Zornig suggested making a aurtrey by questionnaire: 
"With. respect to w h a t  Mr, Wmo brought out about armor 

compoeitions, I think you will find that the compositioqs which 
you g e t  from tho msnufacturor from now on have pretty we l l  se t t led  
down into certain groovoe. Those have b c ~ n  dweloped on the baaia 
of  being able  to pass b a l l i s t i c  t e s t s  miter the pressure o f  the' 
lovoring of  allays, Now, it may be that there &re other th ings  
t o  bo considered which w i l l  show one or more eompositfoas 'superior 
to another oao, such as fabrication diff icult ies ,  Theso things 
you have brought up, And the question now cornea up ws to how t o  
f ind thnt out. I t  just occura to  mo that m y b o  we are going to 
have t o  send around a questionnaire to the various fabricatore 
to find out what their' experioace is with certain t a e s  of plates,  
i n  the f ahrimtion. We can tell very easily which t ype  of Compo- 
s i t i o n  of which plate is all right bal l i s t ical ly  because every 
one of them is  tested and we know w h a t  ia9hera but when it comas 

' t o  the fabrication dfffioulties and the experienck with cracks 
and so  forth, that i s n ' t  s o  easy to get hold a f ,  and I knob of 
no other  way than t o  start right out in dstail nnd find out from 
your fabricntora w h a t  experiences you aro having, Then we can put 
that vq t o  tho plate manufacturers. I wuld l i k e  t o  hear some 
comments on that questi'an. Iesimply suggest this ,  that before you 
start stapd.ardiaing on something, thnt you better f ind  out which 
ones o f  those that pass bal l i~l t ic  t e a t s  a re  the most satisfactory 
from tho other respoctemu 

To which Mr. Raymo replied: 
"I quite agree with you in thn t  rospect, Colonel,  ~ l t h o u g h  

J think thnt i t  w o u l d  be R stop bnckmrds to 1 s t  our efforts rest 
while we axe finding out whether . o r  n o t  some new' c o q a s i t i a n  i s  
going to e q u l  t h t  which over a long period of time i n  the past 
has been furnished, let- us say, by the Carnegie Steel Company, one 



of the makern of armor for the longest period of time. It is 
quite poseible that somebody who started making armr tammow 
w i l l  surpass then in ballfstio cbxacterirtics aa w e l l  aa weld- 
~ b i l i t y  characteri~tice, I donut Bhfnk we should wait until  
tomorrow to find out." 

*Col. Zornig asked w h a t  MF, byma proposed as a method of finding Out what  
dompoaitions are mat weldable. Mr. replied: 

nObviausrly~, continued researah and development4 work bsl got 
to be carried oti. Our steal companies m e  well equipped to do that 
a 4  we know that they are going t o  do it. We adgo have such aP- 
forts ae my bs devised or direoted or fiaancea, l e t  us say, through 
this National beearah Council* but I can't  see any reason for fool- 
ing around with oompositiona that border on dlff iault  weldability. 
This high hrbetss that results from the most efflcielrt or the most 
elrpedient method of gas cutting that you use when ws know that we 
have other compos)tiona, that, if &a $. one, should reasonably 
be able t o  be made by mother  matluf'actwrer, ad letla get going, 
Evory l a a t  plant in the countrg meking t a k a  tow is prrcticrtlly 
stopped o f f  for lack of sufficient plate, and I 0a.n me  no rgaaon 
w h y  we should have te rapeat a y e d s  cycle of investigating c o p  
posf tiona when we haw gotten proven amor c~mpositiontii, " 

Col. Zornig continued: 
"1 didn't get .your mswor t o  my- question as t o  which one, 

or ones, of the present corupo?itions which are being made, and. 
are proven bdlleticrclly,  that you object to, or how we are t o  
find out which ones we object to," 

Ms. REymo Pop l lM:  
"1 right. 'Ph9 S t ~ d  Steel Spring Qmpany. T h a t  was 

brought out and no aimed were mentioned yesterdayr, about the com- 
positions that were being proposed through that group. Wall, it 
t a  the one f obgect to. It looke t o  me like we a m  starting 
mound 04 another mskpgo-rotmd to f ind  out how to make and how to 
weEd mmor again. I don't think there i o  any time f o x  it.' 

Major Coombe interjected; 
Volonol Zornig, my I interrupt? I should 1tke t o  point 

out  that there are sevesd composft ions being treated by S t a n d a d  
Steel Spring. I believe that some of those axe mre acceptable 
than others. Would Mr. Roymo care t o  clarify that quastion?" 

Mr. lR8gmo replied: 
"You have a number of  problema right there, Major, There 

are seveml compositions. Why not one?" 

Col. Zosnig replied: 
'If can tell yau why there ian' t one composition. That  is 

' bswuso the m i l l s ,  virtue of their equipment, have t o  use dif-  
fepent melting processes. Some o f  them work with olectric furnaces, 
and some of them use open-hearth, and you can1 t chsrnge that. There- 

@ 
fore, those who work with the several procesrea, use the composif fonr 



which are the most economical with viewpoint to naving alloys 
and scrap and t k t  lend themselves besz t o  their parti-r pro- 
cess. That's one reason w& you w i l l  probably never get  j u s t  one 
composition. But I agree with you t b t  thay may be narrowed down 
t o  lesa, -be, than what  we afe getting now. Now, if we had 
so- positive bta t a  go t o  the ateel people with, as to the ob- 
jectionable features of these various compositions t o  the fab- 
ricator~~ we would have some b a d e  on which t o  try t o  standardize 
but, unless we havo that in pretty posit ive form, we are  not in 
a very good poeritfon t o  go t o  one company & say, 'Well, your 
a t e f  i en ' t  any goodbr beoauae they have gareed the b d l i s t i c  test 
with it." 

Mr. Heulaal added Some comment rwarding h i s  troublec: 
"Now that the problem o f  S t a n d a r d  Steel b e  been brought up, 

f would l i k e  to s t a t e  this: we a r e  dofng the same thing b. w o  
is, having vpzrying compositions i n  the same vshiclo. Our two 
sources of armor are Groat U e s  a~ Jones sad- laughlin, Of the 
two, wo b v e  more trouble with b e n t  Lakes. But there is another 
problem there that I would l i k o  to see if i t  can't be rtraightened 
out. Z rea l ize  it is a trewndous problem. I don' t think the 
compaaitioas of the alloys w e  anywhom noar as important in the 
Standard Steel Spring sotup ss the methods of hoat treatrnsnts 
which aro befng performod d l  over the country i n  small eetablish- 
meats with improper equipment. I t  doesn't seem to  rno tho composi- 
t ion,  regetrdless of how i t  is_ changed, w i l l  &er be any good unless 
we heat treat it properly. The hwdenability of the alloys and tho 
w e l h b i l i t y  of the al loys M e  going t o  be a problem as ion$ as heat 
t rentfrg i s  a problem and, until some pkbpe~ facilities for heat 
ltroating m e  made, armor composition is going to  be a problen." 

It was 'brought out by Mr. b g ,  that thore is a ehortage ?f gar 
cutting equipment in some of the armor plants, Mr. Ostrom, War. Production 
Board, exprensed the desire of that organization to  a s s i s t  as far as pos- 
s ib le .  

Mr. Komarnitslry d l a ~ s s o d  the s i t u a t i o n  which Mr. Rqmo had j u s t  crfticized: 
"Colonol Zomig, I w o u l d  l ike  t o  try t o  answer several points 

vhich were brought q by Mr. Rmym, espocieJIy in congunctfon with 
tho S-ndnrd Steal  Spring Company. % infarenco or by direct state- 
ment ha stated that the tank production is stymied by the Standard 
Steel, and this and that aPd what not. OW figures ~ h n w  that we 
have furnished the mmor for eeveral thousand vehicles already and 
more thnn approxhto ly  2000 of them ara welded. &ite likely sane 
fabrfcatora .arc expsriehcing troublo but not t o  such an extent as 
picturoe. There are troubles with armor plato which we are furnish- 
ing. Them is bound t n  be* In ma first place, StanWd Steel 
Sprf ng Company was started as nn emergency combine. Our raources 
of etoel  baa never made amor plate bofore. Some of them had not  
made f t f a r  20 o r  30 years. Moreover, thoy didnl t have aqy ax- 
perience and coulUnt t  got  it f rom established sourcele becauae they 
had started with the low carbon alloys which nobody. i e  even mkfng 



R.S yet. So it was necessary t o  do research iverk on these newer 
comasitions, establish me1 ting ~ n d  mi11 pr~ctices for ~ l l o v s ,  *,nil 

a 
t o  W e  deliverf es, Gmnted tha t  i t  can be imnroved considerably, 
ma it w i l l  be improved, If YOU toke into considerntian t h a t  this 
project v ~ s  s t ~ r t e d ,  roug-lfly, 113 February of tb.t y e ~ r  p,nd exmine 
the record of the  ~ e r f o r w n e e  of thin com%ina in the.t time, 1 then  
think t h e  s t~ tementa  Mr. %smo mde are a l i t t l e  out of mlace when 
r~garded in the  Droner light. 

"Yow the a u ~ s t i o n  was raised F;v one of gonr prime c~ntmctors, 
the sccusatfon hss been made tha,t the effect of welda3flitu depends 
e,lao upon the hefit treatment, Well, I would l ike  t o  see the proof 
of t-kt. 'fe found out  that i f  it I s  aasaible t o  control a little 
b i t  closer the b ~ m p ~ ~ i t i ~ n ~  in open-hernth furnaces, perhaps i t  cprn 
j u s t  s l q l y  be done, hut w e  found out tbt, 80 fnr, if we are hept . 
treating the plate, within aertnin limitations af core h~rdness - 
inc fden t~ . l lg ,  nobody else does that t o  my knowledge - the  plate 
performe rather uniformly ballistically and the @&eicd. temt is 
rnther uniform. >re st~rtsd Suet simply with the furnaces which 
r e  were ueing t o  do mything from springs t o  ewthenwePe m d  
enameling furnaces* !fe rntion~lieed the production of armor plnte. 
We found o u t  that  in order t o  @.chieve uniform results we ahould 
 imply t ~ k e  certain t e s t s ,  l ike care brdness t e s t a  d t e r  aueaoh- 
ing, e,nd ve are doing tb.t right now. We fee l  that eur p l ~ t e  is 
&~do more uniform and an n more m t i o m l i z e d  basis than mksrd of 
armor plate  h v e  been doing for the Inst twenw years. We achieved 
that in a f e w  month& Granted that we a.re not, perfect, ~ n d  we can- 
not be perfect under tho$e cdnditions, but we are improving. There 
i s  no ques t ion  about i t  6 quite n b i t  of ground has t o  be covered 
yet  by close coordination o f  steelpro8ucers, hefit treaters ~ . n d  
ultimnte users of the plate. These thlngs b.ve t o  be achieved 
gradually. They cannot be achiaved this afternoon or tomorrow 
either. It is a question of R g r ~ d u 1  proceos, o f  the combined 
efforts of these three g r o u ~ s . "  

To whf ch Mr. w m o  replied: 
nIn the l ight  of Mr. KomrniGsk;y I s very a a f  r ~ h l e  statement 

ofthie position, I w i l l  not heeitate f o r  a moment t o  mdce ~ublic 
apoloa  for m y  remarks t h ~ t  1 mait@ t h t  m ~ y  aeem t o  h v e  c ~ r r i e d  
the intent of disp~raging a t  belittling w h ~ t  I bel ieve  t o  Be a 
very sincere effor t  on the part of p.n emergency s e t u p ,  as mned, 
snd I htre n o t h i m  more t o  sad t o  that." 

In view of this discussion, Col, Zornig remarked: 
"f was just sitting here thinking whether i t  might n o t  he 

a good fdea to have qome Of the  repr~sentativee of the f~bricators 
invited t o  the  next meeting of the Subcommittee of the armor nlate  
madufacturera and l e t  tbrn exorass t he i r  views t o  the plate manu- 
f~cturers, and I think I w i l l  see whether I can arrange that for 
the near future," 

Mr. k y m o  wgraed that t h i e  suggestion we.s a good one and continued: 
"Before leaving the discussion, I am going t a  come back t o  

electrodes - the 1216 composition that was discussed a l i t $ l e  while 



ago. We were told that certain elements were vary critical 
and ouch as that. We have had opportunity t o  try out, and w 
remarks hinge upon only the small amount of work that has been 
dons in o u r  own plaat, th i s  csitical elrrngnt-saving material 
which was initiated by Whitey Mawlath. We said here this morning 
that further developmental work on thie project, on thfs  perticu- 
lar composition, wae held in abeyance, or was alowed down by the 
fact that  thfs gentleman was unfortunate enough to ,have hie plant 
dest'ro;ved by f lre,  A r e  we going to sit around an4 wait until he 
has a chanee t o  get back on h i s  feet while we are  trying to find 
out more al~out this composition? I don't think we $hould." 

It was explained Mr. Flutiahuser that work with this composition, 
12% chrome, 6% n i c k e l , t $  manganeee, w i l l  be carried on aa dsvelopment 
by other  slec trode raanufacturors. 

Mr. h a t h  commented: 
"For tho information of all  concerned, t h e  heat of eteel ,  

which was mczdo by Rqubl ic ,  was in that wire mill. When the 
f ire  occurred, it had t o  bo romoved and taken t o  another mill for 
faar ia t ion ,  The platos that I subjected t o  the oourterjy and co- 
operation ot' Mr, Bioderman and Mr. wmo ,all p~lsed and the stated 
mont M s  boen made that it be eet  in abeyance, t o  be considered as 
an experiment, which means that we w i l l  just have t o  wait until we 
get somebody elso t o  help it along," 

Mr. MdPherson, Chain Belt Coarpnny, aired some of  the troubles he has boen 
having with armor gram the S t ~ n b r d  S t e o l  Spring Company: 

nYe have got a lot o f  platas fn o u r  plant right now that havo 
htgh brdness  on tho edgee; they a r e  al l  over tho lot on tolerances 
and the l ike.  Again, too, l o t ' s  judgo those heat treaters and fab- 
ricators by hov far thoy have gone, not ttbt they are r ight  now. 
f ' d l i k e  t o  put a quest ion, e s p o c i d l y  to the gentleman from Stmd- 
ard Steol Spring, we have in our  plant  today about 100 tops for 
the M-5 turrets, ~ V O  hava A good many of them ovor there and we 
have been struggling slang trying t o  put those ip turrets. We are 
turning out turrsts, ~ Q S ,  but we are  greatly curtailed by t h e  to l -  
erancee on these platos. We have been playing d o n g  with theso fel- 
lows because wo know that they a r e  doing ea swell job. They are do- 
ing the very best they can do, but I f  d l iko t o  hear from Standard 
Steel Spring, Are ws going to go on l i k e  tbPa - on and on7 If you 
are not straightened out on t h t ,  l e t ' s  go to the Ordnance Depart- 
ment, lot's go to the Nationnl Research Council, go wherever we mw, 
t o  get an answer to that. I think there are men right here in this  
roam who can give Standard Steel Spring the. answer to that  problem 
if they are no t  straightened out on it. I'd like t o  hear from 
Standard Steel Spring at th is  time," 

Mr. Zilch commented: 
"Most of  our plate is cut before heat treatment so you shouldn' t 

get  much harmeas. Thera would bb same, dopending on tho way we 
have t o  cut i t r  if WQ have to heat traat before wa cut. I ' d  s a ~ r  
60$ of our plate is cut before heat treating, ao the hrdposs, ff 
any, is going after heat ~t;reating." 



Mr. McPhefson continued: 
'So I think that Standard Steel Spring deserves lot o f  

credit for their work as fay na they hrxe gone* There-are a 
l o t  of problems ~snd we h.ve t o  i ron  them out, and I think we 
w i l l  iron them out eventually. That brings out the point e p  
&t&y that I wanted t o  put before this Committee this af ternoon,  
md I thiak we don't  want to  limit that criticism t o  Gtnndtxrd 
Steol Spring d o n s .  I think Mr. Zilch's explanation of thht  will 
ense the fealing that many of us in tho room hapo towbfds the 
Stt~ndard Steel  $ring Coqcw, nnd nlao  lot's sproad thnt out t o  
the Great Lakes Steel Camoration. Now, thore is j u e t  one moro 
question I ' d  l i k ~  t o  nsk Mr. Zilch, and thnt i~ with  referonco 
t o  theao tolermces, ??e hwe eeme plntts ovor thore in our  plant 
at the present time, namely, they aro tail  pieces f o r  thc roof 
tops of tho M-5 tank. Those platas a r o  nt least j /g%hortt* 
Well, we used part of them dad the others we 3;bsolutel.y cr,srt 
user I a  thero some roman why you are gotting those plates out 
s h o r t  that come through t o  us? Are you stratghtenod out on t h a t ? "  

Mr. Zilch replied: 
'You know we havo rhout  30 odd subcontmctosht, just l i k e  b. 

KomnrnftsQ said, but thw mde bumpers and everything else you 
can think of ~ . n d  they n l s a  hRvo green mon. Although we are Stand- 
srd Stee l  Spring, we get blmed for d l  o f  the trouble, and we 
have g o t  30 su'bcontractors under us. T'la mlght do 100% nt Corm- 
po l i s  but wh'1.t t h e  subcontffiotor which wo d o n ' t  know nnything 
nbout, but whom somebody in o w  orghnizstian does know something 
about ,  m d  nll you CRZ do is t o  travel around t o  these &iff ercnt  
concerns, when you hem they are i n  t touble,  nnd try to correct it. 
If you a r e  getting plntoa ~ 1 8 ~  short ,  i t  is liable t o  come from 
~nyboqy in o u r  organf sation,  You have t h a  eame problem kssty- 
Harris has, yet, on tho other hand, tlte .have t o  ahsver t b  hssay- 
k r i s  when some of o u r  products 2xenLt j u e t  ,ex~.ctly right. I 
think it 1s four responsibility t o  sea t o  i t  that your subcon- 
tractore, before they s t a r t  cutting exound on t h 5 ~  expensive ale 
mor plnto,  are properly informed as t o  the method of cutting, t he  
procedure of  cut t ing,  and send one of y o u  ropresont~,tfves out there 
from the Cormpolio plan t ,  which is doing a f lne  job, nnd see if you 
can get straightened out, We aro wasting n lot of vnlmble armor 
plate hero. ife have go't some of I t  i t r  our plant we cant t use. I 
agree 1008, but you don1 t have enough manpower t o  do th t  .I '  

Mr, HcPharson offered tho nssist~nca o f  h i s  organization: 
"1 right, right hare in t h i ~ l  room ve b v e  men whom you 

might c d l  the crecm of the country, mefi reque~ted t o  come hero 
$. the Ordnanco Department, ~ n d  if tho Stnndard Steel %ring 
bmpany can't g e t  men, I t h i n k  i t  is tho responsibility of the 
Ordnance Department to  call on men experienced in f l m e  cutting 
t o  coma Go the aid  of thasa subcontractore, m d  I would go on 
record as saying that the Chain B e l t  Company w i l l  gladly offer 
help t o  o f  your subcbntrnctors who a r e  in our t e r r i t o r y .  1 
believc we'd bo far ba t t e r  off i n  the l o n g  run.' 



@ And continued to emphasize a p o i n t  i n  regard t o  Ordn~ce inspection:  
"he twrets we ship, although they  be^^ n bomb s t~.mp,  

a r e  still the reeponeibil ity of the C h i n  Belt Corfqmny, if any- 
thing is wrong with them, I m ~ y r  be off on  the wrong f o o t  there 
i n  speaking for the Ordnance Department, and 1 wish the Ordnance 
Dep~rtment w o a d  correct me, nnd ~ l a o  our resident Ordnhnce in-' 
wector if tlht is no t  trqe, because I know t b t 1 a  the w a y  he 
look? at .it. spoke at g r e ~ t  l eng th  about that th ing before 
we came over here, If it i s  true thnt you are shipping plates 
thnt your Ordnance inspector won' t  O.K., keep them over there 
in your own plant bec~,uee wa don' t want- t o  be bothered with 
thorn. ?%Te'va g o t  R lot of plates over thore and n l o t  of fnspec- 
tors rind have them go over every ono of  thaao plates with a fino 
tooth comb, I q l s  g o t  a platc on tha turret ,  we hnvo got t o  t & o  
it out nnd throw it aww, so I think it's tho responsibil ity of 
the ardnance Dopnrtment t o  see t o  i t  thnt those plates are not 
shipped if thoy n r o  undereized, nod I think that is perfectly 
80 w d  r oaso ning. 

To which b j o r  Coombo 'ddod: 
"Yos, as l o n g  as we a r e  on t h i s  subjopt, there h s  been no 

cnd o f  prcssuro put upon our Dqar tmont  i n  Wnshfngton t o  waivo 
specif icnt ion roquirements on certain w.terinl i n  order t h t  
they s h a l l  bo accepted. Tha s i t w t i o n  as I understand it f a  
this: our tank producing facilities m e  in excees of the m t e r i ~ l  
availnble. I should like to bc corroctod by WPB representatives, 
i f  there  LWC any present, if that is no t  correct. It so Lappons 
t h t  with  thst s i t w . t i o n ,  cer tn in  o f  thoeu armor producing fncfl- 
ities can be cut out of the picture  W t i l  they learn how t o  III&C 
.tho propor a r m o r y  It is the responsibility o f  ~ . n y  r e l i ab le  cor- 
porction, especially i n  war times, t o  produce mnterial t o  sneci- 
f i cn t ions .  If tho7 can do tk,t in cc r t c in  pSa.nts, m d  cnn' t do I t  
in others ,  then l e t  them shut down those  indoqwte plants, produce 
with thc? f ~ c i l i t i e s  thn t  cnn produce tho proper stuff ~ . n d  $ o w n  
hotl+ t o  do i t  i n  the othor plcn ta ,  and don't burden the O r d w c e  
Depn-rtment with a11 of  your of f  i ~ + ~ d s  coming down t o  ?'Inshixgtbn - 
rind p u t t i q  the pressure on us t o  accept mtorinl thnt does not 
Rnsver t o  Oritnnnco specif f cations," 

Mr. McPherson continued and touchefl upon a very i m p o r t p a t  no in t  regarding 
0rd.nmca inspection: 

"I' d l i k e  t o  s q ~  a word here, nnd I' d like t o  nsk fi question. 
Tht do ve  ga in  hare b;rr getting the specificrstioas wnived nt Stwrd- 
~ r d  S t e e l  &ring pad not lmivo the epecif i m t i o n s  over a.t chain 
Belt? ?b4t in thc world do wo gain by getting thnt plbte over 
there and cluttering up the  railroad fncflftics, which are over- 
burdened, w i t h  plntas 1d~hich our inspectors won' t l o t  us use7 &2t 
axe wo going t o  do with tht atuffP % can on ly  do one thing-- 
pack it up ,and burden the  rnilronds 2nd aond it back again. I ima- 
gine %ymo nnd .rt l o t  of tho o t h o r  f o l l o w s  get tho sma thing, If 
t h q  nrc  go9ng t o  wnivc thc specificntions f o r  Standard Stes l  bring, 
f o r  henvenle a k e ,  fe l lows,  somebody go over nnd W o r m  our Ordnnnce 



'fa additfon t o  the facilities of the U. S. Steel Corporation 
Research hboratory at Kezmaey, we had two en f l l iaois,  both t o  
speed up the prgparntfan of me4allurgicaX sprcimenrs and d e o  t o  
srmble us t o  use other tostr which were bqrond the rmge of equip- 
ment available at Kawney. In the Illincis plant, in additinn to 
the usual  natallurgfcal axaminatlone, we intend t o  nvrke teets  of 
weld qpecbons which w i l l  cover welds 2' or 3* in width, t o  fu l l  
plate t h i e h e ~ e ,  both bend and tensile etrength. This, of course, 
iavoEvee very large testing equtpent. We will aAsn &*tempt to 
make other typsa of impact t e e t s  and a very accurate tlaDer'minat i ca  
of the lin.ita$ion of the werlde. I my add that t o  help us guide 
th is  work we k v o  organized a very small group of 6 people who m e  
generally considered ns t h a  leading welding everts  in the country, 
chiefly f r n m  the heavy pressure industries whn are t v i n g  tn help 
ue steer this program fnanfar ~s tho stu& of eloctrnde propertiers 
is concerned, in atr endeavor t o  ascorhin sanething af help to us. 
We have cnnrlucted a number of restrained j o i n t  tests on commerc5al 
typea of ferr i t io  electrodso and t o  date  it 9pperPFs that nnne of 
t h e e  e5ectrofies, when wed on armor plate, can be usad wf thmt  
preheat. We have dnno onne w o r k  wlth f i l lers  nf 9 nickel  and 1$ 
caraon compoeitfon. That is an auatenitic deposit. Unfnrtmtely, 
so far it hets not proven t o  be suff i c ion t ly  ductile tn s tmd wen 
n c o m n  bencl t e s t  o r  any other kind nf n tee t .  It is extremely 
br l  t tls mat o r i d .  

"ye are conducting a series nf ililatametar studies to find 
out if there i a  m y  relation betwoen tlie c?ilathrns%rfa propertfss 
of weld metal ant! the sensitivity t o  cracking na the face-hdanecl 
armor plater. We have not  been able t o  nove very far because we 
have not boen able ta  get  nrmnr plate at ulll On the spat welding 
a i  armr plate we have had very intereating work an l /bn md 1 / 2 ~  
plate o f  9115 molybdenum boaring. W,t is not strictly armor,  
but has physic& properties similar t o  that of oono hmgeneous 
armor being =do. On the b a ~ i s  of this material, it Looks aa if 
it i d  practicable t o  spat w o l d  a m s t  timything. In fact, materrids 
which cannot be are welded with comparative ease and obtain e p  
oeuent results, Frankly, the f lash welding picture does n o t  look 
t oo  encouraging r ight  now. Although Mr. Cooper to ld  you that it is 
chiefly a natter of getting the user and the nanufacturer tngether, 
1 think i9e w e  nnt reaf!! for tbt, since so far we bve  not fnund 
any Plaah-welded joint which is completely frea from the dear-  
burized =one, That applPeb tn hoavg armor. On thin armrr, t h ~ t  
is, up t o  1/4"d 1/Zn, I think some excellent roaulte  hRve been 
nbtainod, Ve .have been very glad t o  f ind that a test  which we have 
been trying t o  develop, and which was arigineLLly suggested by Col. 
%rnig anit Mr. h s e  n f  Cadillac %tor  k q a n y ,  has been-very suc- 
cessful. It ih3 not definitely proven that the , test  will tell ua 
twerything that a bal l is t ic  t e s t  w i l l ,  but t o  h t s  there appears t o  
be very cloea cnrre l~ t ion  between that  t n e  of test and the bal l is t ic  
results. h r  your own informatfan, f m q y  doscrf'tra the t e s t  t o  so- 
extent. It sinply consists nf taking a pieca of waldefl joint,  the 
t e a t  specimen belag gn Zrlng  by 2'' wide, with the welding going; at 
right angles f a  the lhhg axia nf the spectimen, The butt weld  veci -  
men is supported at the two ends and an explosive is appllod to the 



center of the speaimen or  the weld. Not only have we been able 
to f i n d  a euperle~tivs type of f raa.t;ure with auetenitic welds 
where the weld deforms and plastically f lows  $0 the extent that 
the specimen bends nrerly 50' before f racturtrtg, while the f e r  
rf t i c  weld8 frwture without any Befarmation, Briefly, the high- 
est c u g e  waa required to  break the weteaitid speoihens. A 
medium charge was required t o  break tha f e ~ r i t i c  weld cut out 
of a plate which performed b d l i s t  ically w a l l .  $ecimeae cut 
out of the plate which peHarmed ballisti cslly vaFy poorly took 
the lowest amount of exploafve t o  break, 

"I have mentiohed t o  you ar l i er  in the game that the carbon 
content is n o t  the only thing which determinos weldability of 
amor plato. qhe reason for  qr awing this  was that in one of 
our investigations we havo been able t o  produce a;rmop with carbon- 
manganese ateel grainel treated* b t  armor is not entirely satis- 
factow yet .  The significant part is that thoae armors containing 
-70 manganase and over .kl carbon w e  very freely weldable. There 
is no ~vidonce of aqy crackix in i t+  Tn fact, when welded with 
either f a ~ r P t i c  or austenitfc electrodes in thicknessee up t o  112" 
no tendency for cracking of any kind was observod, Anything that 
the  weld c u  do t o  it ,  t h R t  is, any rate of coo l ing  which occurs 
on welding, is loss drastic than t h t  of the quench. As a re- 
s u l t ,  the tondenc~~ is f o r  tho metal to ba annealed on e ~ c h  side  
of the wold rnthor t k n  t o  be brdened. Thore hae been no mi- 
dsncs of a high hadonod zono noar the wold; rather, tho aono is 
a o f  tsnod. Whether the grainal fra&fn&nt which do os incrsahe 
ductility t o  er large axtent h s  also something t o  do with tho lack 
of hardness, f don't know, Possibly, it has, 1 t looks if that 
investigation is succesoful, we w i l l  have material which i a  SP 
$romoly readily weldable.'' 

With reference t o  the mechanical stross relief mentioned, Mr. MikhaLapov 
continued: 

nTha f i rs t  mechanic& stress relief we got was entiroly 
&cidental and unpremeditated. It was @imply obtained by the 
cxossbaz wold crxaking in two places on each end of the crose- 
har transverse t o  the weld, which apparantly. relieved the etress 
act ion t o  soma extent because the cra& opened up af ter  the plato 
cooled down, This pleto was repaired and parsed the ballis tic 
shock t e s t .  Another plate, which didn't crack, failea in the  
shock test. Now, t o  aeo if that hnd any s3gnificance. on the  
next two plates we l e f t  a gap of about 1-ow on each and of the 
crosabar weld right acxt t o  where it touches the leg* After tho 
plats was cooled dawn ~ n d  s e t  f o r  a while, we f i l l e d  up thoee gaps 
with austonftic weld matnl,  We had two plates welded t h ~ t  ww. 
Tho third type of sttess rel ief ,  I should aay, was whore the back 
of the plate  was shot blasted with heavy shot." 

It whs further eqhasizad by Mr. MfWlalapov, upon questioning that tho 
ferrftic welds performed bettor than the austoniljflc welds on b d l i a t i c  
t e s t s :  

'INow, I say the beet results, from the shock-point of view, 



we b v s  had from those 5 plates. &ey r t o o d  q w e l l  and took 
a tremsndme pun$ shmont, Same of them had as memy as 5 shots, 
From 1100 t o  1300 f / o  without nny semblance, of a crads in tha 
weld metal, One of them had a slight crmk through the parent 
plate ori&rra.b$ng at the ersek which was started at the gap which 
was f i l l e d  \rp with aurtenitic material. bother had a crack 
thro- the parent wtsl frpm the weld and the heat-affeoted 
zone* It looks better than anything which 1 have eesn wf th austel~ 
i t fc  nutsrial. 

Aqd yet on the direct q l o e i v e  tes t  the rever& occurred: 
"That f s' right. Now, one reason for it was this: The speoi- 

man usrad was not of the verr best plat@ we bad* That is, thoam 
plates which stood up so well  had been s o  hammered out  of shape 

dishing that it wre dif f icul t  t o  get many specimens out  of thorn, 
ro we took r a m  other plates, which did about as well as the  a s -  
tanitic plabea did, If .I remember right, that plate we used stood 
about 3 ohots ernd fractured at am lw, pnrt w q ,  but it h d  some 
sound uaaffrctrsd weldr which oould be unsd for speairncbn~~ That 
may. be one e r p l a m t i ~ n . ~  

Upon r equea t Prom Mr. Bterrimran: 
'W0U.d the Research domuittee fee l  that if things had t o  

be arystallizsd t o  you, we would bs safe  in stslndardizfng on 
the austeaitfe rod, thnt is, th0 m f n  thing? *hen should we dsop 
tho fsrritic rod? I' 

Mr. Mikhalapoo rep1 led: # 

"No, I doni t thfnk ao, First of  all, ona of the great re&- 
sons fsr the ferritla PO& is be-use 00 4he s a r s c l t y  of allay - 
r i d  I f  we e n  develop a good fexri t ic  rod WI can save s 
l o t  o f  nidzol mad akmeme man Sf it 3,s not mi p o d  as the aua- 
Osnitic~ k t h a m o r e ,  w personal opinion ts thia, that as tha 
ww progaaaes, with tho demand for better vehicles land stronger 
m o r ,  we mag find %hat the present methods &re not adequate, It 
fllh;rlIy m q  dovolap something with ferritic ebctrodes or a u s t e ~  

which w i l l  be much Better th.n we have nw, We know now that 
Mtuallp i t  fr~ctwer  at 8 l o w e r  volooity than the parent plate 
does, but we have by no means a perfec* joint. 80 the second puz? 
pose for femitic inveetigation i a  to aoa if we can't f ind  a m e  
of joint whibh w i l l  be better than we have pow, 'but 1 certainly 
wouldn't q we m e  ready t o  & any changiag over at thia  point." 

Mr. Hsrrima~, mentioned t k t  he was conoerned chiefly with plate thick- 
nersee up t o  1/2"d 14r. Bibber colamented! 

"1 would liks t o  mark6 a suggestion, Georgep if I my,  in 
regard t o  those orplosioa t e s t s  tb.t you axe making. If you are 
using r~lat ive ly  amall section bars such as you m~ntioned, the 
istrees oituation of thoee *raw M a  is quito different from *t 
in a l a g e  plate. The charmtor of the fracture is quits d i i f  srent 
bomuee the ~ c t W  ~ t r s e a  situatioa is not developed in the narrow 
lar that is dwaloped in the wide plate. I believe that you would 



bd better  of f  t o  do the teeting of the type you mentioned on 
plahss approximately square whatever you decide the dimen- 
s ion t o  be. f think that that have some bearing on the ques- 
t ion  that &. Merriman raised. If you can get  s piece 12" square 
or 18" square Just as readily ae you can get the 2' by lgn, i t  
doesn't seem to  me that the amount of armor is particu3a~ly sig- 
nf ficant r We have ample experience both in practice anB. in test- 
ing  t o  show that the perf armance of e narrow specimen is such that 
it will elongate like molasses candy and is quite a i f f e ~ e n t  from 
rr wider plate. I t  seems to me that you are rstarting off with a 
wrong specimen, and the question of the size of the armor 1 don't 
think is particularly eignificant. Make it aqv e1z0 OF any thick- 
ness you w a n t  f t, but m&o it of the same ahape, namely, square. I1 

To which Mr. Mikhalapov replierd: 
"Wo b v o  triod 2l' wide, 3v wido and 6" wide, and so far the 

fracture appears to be of the s m o  type, the b r i t t l e  fracture, 
that is, i n  the f crr i t i c  electrode with prnct icdly  no elongation 
and the change of oxploslvo 5s the same, We can s t i l l  go higher; 
we can go t o  12". buy why go t o  bigger specimens if we can get the 
aAme correlation betwoen that Ancl tho ballistic t e s t s  on that small 
specimen? The moment wo run into some apparent contradiction, 
such ns ballistic tests showing one thing, explosive t e s t s  showing 
another thing, l e t ' s  stop then and look for something also; but if 
you have three things all  performing about the same, wouldn't you 
choose the one, the amallest specirbbn, and the least plmbunt of 
welding? " 
It was indicated that t h i ~  work is being continu~d t o  answer the  

point r ~ i h e a  by Mr. Bibbor, 

Mr. Jackson, Navd &soarch Laboratory, explained n, Laboratory ballistic 
t e s t  being developed at that stat ion:  

"Wo hetve used .50 c d c  B a l l  ammuition in order t o  get a 
shock tes t *  We havo triod tho .5O cal ,  armo~gierclng pro- 
ject i les ,  but they have n o t  proven, sntisf8Ctoq~ because i t  i s  
impossible t o  get tho energy into the t e s t  piece* The energy 
is used up in going through tho pEede rather than tks energy 
going i n t o  tho pieced We-have a d s  probably between TO and 100 
shote, so  our work i s  ent irely  i n  tho preliminary s t w e ,  and one 
of tho reasons for bringing i t  out at the present tfma is that 
it aoes show promise and wo hope t o  bo able to make rr, Urger num- 
ber of test pieces i n  tho near future. We a r o  using a ballistic 
pendulum for morzsurement of our projectile velocity.  Our volocity  
measurements are within l/3$ of ccrreot value. In the simplest 
form, we ase using a corner j o i n t  for holding up the sample. The 
corner j o i n t  is mdo up in 111 thick plat0 with a weld joining the 
qwo sect ions .  Wo have tried several types of j o i n t s ,  the double 
t), the s ing lo  V groove, a d  the sfngle V groove bwcked'up with a 

a f i l l e t .  The original ~ i o c o  is much longor so that the welding is 
somewhat similar t o  thnt i n  A joint of this type. The s-1 side 
of the t e s t  piece is flame cut off, and the r e s t  o f  the test pfoco 

\ 



i63 prepared by uls with B hacksaw. The hsaeaw a t 8  the dieceard 
Off  and a backsew uut is made down through the joint, The pieoe 
i e  s e t  up in t h i s  poaitian, and the proJactiles me aimed at  a 
point which we aaa esatrol within 1/32\11 rsmh one af  these 
shoulder pieces. The veloefty i s  controlled so tbt we have a 
velaci& below that necess,Yy to frnature that joint. The t e a t  
ns it hne developed so %ax w i l l  aoquirc cons$darnbly mro work, 
and wo hope thht ns the t e s t  progossop, thnt it w i l l  be of ser- 
vice as a preliminary t o s t  for tho study of now elcctrodbs* Ono 
of tho S ~ Q B  of tes t8  tkt wc ~ V O  u a d ~ w  is using tho 12/6/6 
combination, hlld WQ nlau k.va tosts  rindenmy usiag ~tnndard oloa- 
trodas, ao that possibly wo can mriw ~t mao definite volocl ty  
in foot  por socond t k t  would bo dharsc t~s ia tLo af a good wald. 
Wo do not f o ~ a  that it w i l l  rcplmo 5s m y  ww the fi plnto, but 
we da Feel that it ghoul8  somo ae a dwclopmont t o s t  proliminmy 
t o  tho akago of tha %thora thc pmcass and tho matorials m a  
suitablo for tho toatmd 

Colonel Zornf g commcntad: 
"Thaalr you very mch, Mr. Jzckson. 1 think you gentleman 

rill soo that there r n ~  beearning available, mean$ & which you 
m3y be ablo t o  do samd rollmimry tosting of go- wolds boforo 
you go t o  onc of thoso $ 1200 H plntosc yo hope so, a t  lonst,  
with whnt tho Ravy i & r  doing md wk3t % R c @ a  i s  doing, i t  my provo 
t o  bo of some u o  that roepcclt+J 

Mr. lksnso misod ti point: . 
'Mr. Chaixnmn, hncrnl Hotom Division ie still intcrcstotf 

in tho subjoct of shot blcsting plator We thought wo had mndo 
that nnd plnntod i t  and got daieics graving on it. I wonder if 
somathing could ba done t o  get tho Ordnnnco inspectors cQlod 
Q ~ P  and stop Wkfng abut ehat blostiq platean 

CoJonol Zornig statod that he did n o t  know the "ins" culrX %utst' of 
tR#s question and h r  & ~ S Q  continu~d: 

'wall, Ms* & d r m n ,  tho 'ins' and 'outs' mount t o  con- 
sidorxblo invostmont if it's roquirod to shot blast. 'IQo don4't 
thi& it is. Wo don't bolievo that Ordnance thinks i t  i s ,  b s t  
apparoutly k l m n c o  is getting t o  bo a pretty big orgmiratian 
and I tho f lght bend knows not nht tho l o f t  hand dootii. ' I' 
Major Qoombo w a o d  to look in to  this question and try t o  f i n d  tho 

8nBWOF I, 

Mr. Korkhoff soisad n question about thc qualification of n wolding pra- 
codurot 

"%on n mdnufacturar intends to change h i s  procoduro of 
wolding, wa w i l l  BW, from tho Land arc method to thc Uniomelt 
mothod, thera f e a peried of dcvclopoont, of couree, he mzst go 
through. 1 6  thoro a def i n i t o  number of platod he nust subnit 
for  dmolopmont? A mnufncturcr w i l l  sand in, we w i l l  say, u n i o r  
mel t  plat08 whore previously ho M boon welding with the hand arc 



method. The ~ l a t a s ,  of course, w i l l  oam back* The reports from 
dberdeen will 'experimental plates,' Well, now, no one seems 
t o  know how far he must mntinue on with these experimental plates 
before one w i l l  be accepted as ths qualification plate.  I think 
that defirrrite 8 t d P d s  a o u l d  be aet in that regard." 

To which Majot Coombe replied; 
"I quite disagree with tk%. When you introduce a new method, 

that ha$ not been t r i ed  before, we cannot allow you to qualify on 
one pldte, or two plates, or three plates, or an. arbitrary number 
of plated. When you have demonstrated your abf 1 i t y  by submitting 
several eatisfactory plates, then the Ordnanca Offfce will review 
t&%t data at hand. and w i l l  give you a decision. T h a t  b e  been truo 
in tho case of one of tho fabricetors who h o  qualified with Union- 
melt welding on thin plates, That's using the, ferritic o l ec t~odo . '~  

Mr. Kerkhoff cited a current s i trat ion  as an illustration and Major Coombe 
replied: 

"0 long as you mark your platas lBevalopment plates',  or ao 
long ixs they two considered development plates, they w i l l  be con- 
eidsrcd as euch and o n l y  when wo have sufficient data, w i l l  we 
give a docision. Well, I think this is a matter that Es not add- 
ing to tho general meoting. If you w i l l  t n k o  that up with the 
of f ice  by correspondence nnd ge t  a11 your facts before me, I can 
give you an nrtewor, but I donv t know exactly w h a t  your case fson 

With reference t o  the location of tkm next meetipg, Mr. h s e  commented: 
"Mr. Chaimhn, somotime ago it was suggested that the meet- 

ings t h t  m e  held in Det ro i t  aro n o t  ao convenient for the Enstarn 
Ordnance Districts and those repreecntatives since then have beon 
Conspicuous by their  ~bsence,  We have missod thorn. ?hat is just 
a hint. " 

To which Mr. Jeffries aadod: 
'1 have h e a d  that same reason for spre~ding there meetings 

out axpressed mng several of the Eastern people who are in- 
terested, nnd I th ink we ought t o  give some consideration to 
coming East once in a while. I don1 t know - Phi ladelphis or P i t t s -  
burgh wouldn't be so bad. 1 wwld  rathm see ft in Philadelphfa; 
then 1 wauldn' t have t o  t r ~ v e l r ~  

f t oaas finedly docidod that the next meeting of the Subcommittee 
would be held in Philadelphia abut 6 December 1942 after whf ch the meat- 
fag adjowned 

The Subcommittee on Resistanao Welding is now tho Resistance welding 
Group of the Sdxommittea on Welding of Armor, This meeting marked the 
termination o f  Lt. Col. Cox's connection with the Subcommittee aa wel l .  a8 
that of Captain Matthews, The writer took over as Secretary of the Spb- 
committee at th is  nesting for Ckptsf n Matthewe waa auff iciently occupied 

@ aa Secretary of the Bolled Amor  Subcommittee, the Cast Armor. bubcomrnittoo 
and the  Aircraft Armor Subcornittee. 



Mr. Merrinan resigned as O h a i m  of tb Aircraft Armor %~briaators 
Grow - &astern Divisfon, wrrd & j a r  McInnes war qpo in ted  'try Col. Zornfg. 

a 
A t  this meeting aome very aauetic criticism was direat& the tank 

f ~ b r i c ~ t o r o  towasd the Standard Steel Spring Canpaw. Thig criticfern 
was most ably answered by Mr. Komarnitelq who oxpleined a ~ i t u a t i o n  in 
the amor production program which hta4 nCj7ter been realized by the tank 
f s b r i a t o r s ,  W e  prolonged d.lscwaion about fabricator troubles wf th 
armor plate suggested t o  Col. Zornig the idea of Liaieon*broup betwoon 
Subcomitteer so that the quqstion of mutual diff icult ies  could be die- 
cussed and argued f imthand, 



The tenth meeting of the Subcommittee was held in Philadelphia on 
6 %ember 1942 at the Bellevu&S~ratford Hotel with 158 persons in 
at tendance representing: 

Industrial - United Statee 
Tank Fabricators 28 
Armor Producers 6 
Xlectrode Manufaotwer~ 26 
Core Wire Producers f 
Reaista~eWeldingEqufpmeat Mrs. 7 
AlrcraFt J?abrfcators 9 ' 

Individuals 6 

hvernmsnt - United States 
Ordrwnce Department 
ASF Beadquarters 

36 
2 

U. S, Navy 6 
Arw Air Forces 3 
War P~oductlon Board 2 
Nat ioW Reeeereh Council 2 

Guests, ' lg 

The meeting wan opened by hl. Zornig who introduced Colt be &usemaa, 
Chisf of the Philadelphia Ordnance Dietrf et, who W e  several comments 
about the curreqt procurement Job: 

"I know w h t  a good Job you have been doing on thie c o w  
mittee euld I think you ape t o  be congratulated. We bars to re- 
ly on you f e l l o w  more and more, I know it i e  General CckmpbelL'd 
idea that our whole destiny, so far as reqoscreh slnd production 
are concerned, is going t o  be on w h a t  industry gives us: and on 
the production end, which I am more familim w i t h ,  we are turning 
more and more t o  industry t o  get the i r  advice and help. I think 
i t  is appropriate* I j u t  want t o  gay &out two words on what f 
can aeo f o r  the future in* the Ordmnco Department. th i s  coming 
year. WQ have m l o t  of qrders - in some cases almost too  
The result is that our requireaants are const~at ly  changfe and 
ma going t o  change, A8 General Campbell has recently said, 'wax 
is not atatic; the raquirements are chE?%ing from day t o  day.' 
Planes have t o  gSve ww t o  tanka and tank8 have t o  give ww t o  
planes, and planes give way t o  mnnuitiofi,  and so on, and. thore 5s 
nothing 6s f l u i d  ae the Tequiromnta. we in the DEstrfcts and you 
mtrufactuPox~, I know, a re  finding that out because one day we want 
something and tomorrow we want something else; o r  we m e  reduuing 
echedulas or upping achadulea, X t  is disturbing, bu$ so i s  w a r  dis- 
turb ing. 



think as a result we are .going t o  have t o  look more 
mid mere t o  quality thier coming ye8.r. IVe nre not  gaing t o  ac- 
cept materiel that ia below specif i c ~ t i o n s .  Mmuf xcturers are 
going t o  be required t o  meet the specification$, and in many 
cases the specifieetione w i l l  be improved. And f think tb-t in 
turn lead8 to more and more research ~ n d  adopting mnny of the 
ides8 ma improvements nnd euggeotions that come from your com- 
mit tee  find a ther such cammi t tees. I' 

Following Co3. &useman's remarks, Col, Zornig introduced col, a. G. Hocr,re, 
Inspect ion Board Uni t  et¶ Kingdom lsnd C ~ n ~ d a ,  who commented on recant develop- 
ments in Xngland and C ~ t n ~ t h  in reg~rd  t o  ueldfng of armor: 

"Colonel Zornig antl Gentlemen? I thctnk &loner Zornig 
very much for @$vim ua the onnortunltg of coming t o  these 
meetings becpnse I fael th t  it is an1.y by t h i s  means of co- 
o p e r ~ t i o n  that we  re going t o  get th is  job done, whfch i s  i n  
front of us. I think in cennection with co-operetion we have 
hnd ti remarknbla exawle set t o  us by these operations Pn North 
Africa. It is one which w i l l  go down in history* -But f would 
l i k e  t o  suggaat t o  you gentlemen, es m.nufacturers, t b t  such 
co-operation as that could not be aacamplishad unless it w ~ s  
commenced with the mnufecturers, because it  i s  orily by technical . 
co-operation that 8uch big things are made wosrlble. We have got 
t o  supply ths equipment whereby such things can be done, and so 
the very eseence of co-operation lies with us here. &id I an sure 
that by that means, getting together, we shall be able to mre 
quickly finieh this  job that is in front of us. So this occasion 
remind6 us o$ the necessity of it. 

"It l a  the anniversary, t o  the 62,v, of  Pear l  Herbor, and aei I 
remember, somebody in Detrof t ,  a speaker, recently said, 'The Jzlpan- 
ese committed an act of Jiu-jitsu in Pecrl hrbor;  the b y  i s  coming 
when they will commit hara-kiri in Japan.' And X t  is by th is  co- 
operation that we shall bring these things  bout. 

"Well, f w i l l  j u s t  out l ine ,  gentlemen, w h a t  ~ E I  being done in 
eonnectidn with armor plc te  and welding in England. Ibe have gbne 
h t o  thie  welding, but in e much snaller sdetle than you h ~ s e  in 
t h i b  country. The welding in &gland is chiefly boacerned with 
the welding of thin, bullet-proof plate, up t o  14 mm. i n  thickness, 
for preparing of  ~rrnored cars, re~onrmIss~nce cars, an8 $0 forth.  
The project was t ~ k e n  up early in 1939 in the interests of produc- 
t i o n :  the suggestion was ma& that we should stapt  welding urnor 
plate, end all these mtlnufacfurers came back ta u@ and la id ,  'You 
can't do i t . '  &It they atose, and there is e. proverb in England - I don't  know whether you h a w e  it here - which 8 ~ ~ s  that 'Neces- 
a i t y  is the mother of inwent ion',  a d  f am sare that nseesritv has 
enabled fia t a  Invent these m~thod$ of wal&n$ armor plate and bring 
them t o  the perfection th~t t h q r  are t o b y ,  A step wae t e e n ,  as 1 
sw, early in lQfq t o  place a contract, the first one t h t  we ~ l a c e d ,  
for 50 welded bodiea, and I ean assure xau that we ha8 same hsrsd- 
~ c h e a .  

"The prableme which face YOU here are the sme ~r'oblerns which 
are fscing- us in England, and 'it i p l  by means if %hi;' 60-oneration 



- thnt we shall m k s  each onefa job i n  reletton t o  them so much 
rasipr. So now, in England, are considering veldPng thia 
th icker  armor. The f irst  tank which f a  coming out  is going t o  
he welded end R sample will he in thie  country soon. 

"At present we a r e  only dafnq hand welding in England. There 
I s  no automatic process such ner you have here. !hey f e e l  tha t  
for  the prepar~t ion  of the armored cars ~ n d  the things they are 
doing that  the run of welding i a  not of sufficient length t o  per- 
mit of automatic welding being dona, and so i t  is o n l y  being done 
by hand. They started out or ig ina l ly  on a l o t  of the bodies with 
r iveted construction, and consideration was given to  chrlging over 
in the intereats of production t o  weld& construction; but we very 
soon learned that if you are gofng to harre a welded structure you 
have to design for welding. It is no good trying to take an orig- 
inal design which is designed for samething else and then say 'Weld 
i t . '  I t  is not so easy as that. some of the desi~ners may think 
so, but I PJII sure you manufactwera w i l l  understand the dif f icu l -  
ties that you encounter if you attempt it, The pmblem as regards 
the m~unt of carbon for welding is one which is vary much t o  tho 
fore in England. They have welded up t o  0.36, but ~t a meeting with 
the various fabric~~torer there m s  a very insistent cry that the car- 
bon l i m i t  must he about 0.30. I b v e  heard the sefie cry in this 
country, so apparently we are on common gPaund as regnrds that. 

"In connactlon wf th the welding,. one of the t 3s te  that we are 
car%ing out in England, before we agree that any welding can satist- 
fy, is the restxained weltl ing test, The electrodes we are using 
m e  a rh i r ra r i~~  high cdrornimnic.ke1, and chiefly it ie llmited fo 
a3aut 22% w a n e s e  an4 5% molybdenum, ~ . n d  the rod Is, RB rule, 
supplied &a wire add is not coaten, although there are same coated 
plectrodes being used: But the tendency there  1s t o  use them as . 
wire, not coated. For most of the t e e t s  t h a t  are carried out, we 
huild R samnle an4 suhjeet that t o  actual firing t e s t s .  Tn our 
ominion that 113 mre satisfactory, ~ l t h o u g h  it m n y  he more expen-' 
si7.e in m o v i n g  your welAim tha t  way. Sd we W e  come t o  the con- 
clusion that we w i l l  prove the welded bodies, the comleted boaies, 
and then occasionally take subassemblies m d  send them o u t  for ac- 
tual firing t e s t s .  The mufactu?er, when he wepares a $ul+ 
assembly and tdces i t  out t o  a firiw t ea t ,  h ~ s  no iflea o f  how it 
is go ing  t o  teke it, and I feel sure that that gives us a mare 
all-round picture of what the actual welding ie. 

"So them is the same diff iculty with manufacturers in Erg- 
land as you  experience here. We issue certain specff ications and 
say we want t o  do thia, tha t ,  a d  the other, and we get  the came 
objections as you people raise here. But w h a t  we do is t h e  same 
as you are  doing hers - we g e t  everybody around a table  .end every- 
one airs his views, and as a rule we come t o  same sort of conelu- 
s ion as R result  of it. There Ere experiments now baing carried 
out con par in^ the effect o f  the slug t e s t  and the effects of high 
explosive she l l ,  the point being that high. explosive ehel l  is the 

I 



t'Chromiurn Games next f o r  November 2.48; &cater 2.56 - a 
alight iqcrease. 

a 
nNPckel, 3.5 in November: 4.0 in December. 
nMolybt3enum, 21.1 in November, and in Gcem'ber, 22,O. 
"Vatradium s h e d  improvement - 66.8 in kvember; 55.0 in 

hcember. 
'Th8ss figures are based on a l l  of the factors that enter i n t o  

mking  a nmteriaJ cheak, that i r ,  +he production, the consuruption, 
the amilabflit3f in this country or by impost. 6o that you sae that 
vanadium cornea with a high figure, 66,s or 53.0, beauee possibly 
half of our vwdium fe imported. On the othsp haad we don't u ~ e  
very much of it, md we don't have very much of i t  at our diepasd. 

"Now in the order of slvailabfli ty, I can1 t glve you a c t u a l  
t omage  figures, but I can say this, that if yon take vanadium as 
unity, for eveFy Sund of osLnadium in the aountry that we have 

. ayailable we havs four pounds of molybdenum, about 40 pounds of 
nickel, about 53 pounds o f  chromium, a d  about 250 pounds of man- 
ganese. X am advised by the alloy seetian that in cgmection w3th 
your new -spsaif i c a t i o n  f o r  electrodes, that t h q  would l i k e  t o  see 
the chromium me-changed from the present 20.5 to 22*5$, t o  1905 
t o  22*0$r 

"Wa are  not a n u  faced in this war with a s m c $ t y  of' the 
alloys that go t o  make up al loy steals, but we are a b r t  o f  d l o y  
stoel i tself ,  and we a r e  also short of alloys in different degrees. 
For example, you cannot t&lk of fexro-manganese as A unit - you 
must  talk of low carbon and, high carboa grades of each. The low 
carbon grade of chromium and ferro-mnganeee are s c a r ~ e ,  WQ $aven"t 
got enough ~f low carbon farm-chromium and manganese t o  go arovdd 
t o  d o  those'mbtoriala, such ece you woad like t o  b v s  for the 
welding rod, and when it comes t o  low carbon fermwuaganase, that 
beoomes an electric furlrace problem, and electric furnace capaoity 
is qhort .- we h v e n l  L got it, 80 any trend that oaxl bo pr.omoted 
Corards higher carbons i n  any materials a t  a l l ,  is a trend in the 
right direction. And f o r  this reason, this lawering of the amount 
of chromium in the material, the amount of low carbon chroavium used, 
eo that you can hRVo LL rango of 19.5'to 2 2 . 4  in place of 2f-5 t o  
2 2 . 9 ,  is a step i n  the right direction. 

HHero I kvva a vase in point: ono l o t  of 24,000 pounds of 
material to  make electrodes, and I think ~ 3 g 9 ~  of you would like 
to  b v e  24,001) peunds of electrode wire. There are four heats f n 
this l o t  which a r e  now being held tq> for deviation fron specifica- 
t ions of this ordot. One heat i o  hold ug for eilica, b8088e tho 
blilica is -21% with a .25$ minimum in the spsc i f i c~t ions ;  a maxim, 
yea, but I don' t think you need a rninlmum in si l icon.  So, for that 
raason, bexe is ona that i e  bsing held up becausg f t has -21% 2~ 
stead of . 2 ~ $  mini-, Tho next hoat has a l l t t l e  high s i l i c o n  - 
.72$ si l icon,  There may be some a r p o n t  thore, because i t  is 
&bye the upper limit which I think in -60%. The next heat has a 
l i t t l e  l o w  mauganese, 1.42%. All  o f  theso have chromium and nickel 
within the reqd~enenta.  The aorbon ranges Rre .08 t o  .I&, and 
theee are being held up, r-t laaet these two, one with the .09$ and 



-+ 
one with .lo$ carbon4 are being held because the electrode 
m-nufacturer s w s  t&t he has t o  hnve below .08$ carbon. I don't 
think t h a t  is tho proper requireneat under your preaont set-up. 
Now the lnst  one l a  one with chromium a l i t t l e  shy -*it is 20.37% 
f submit t ha t  those heats t w o  probably a31 right f o r  elcctrodo 
w e .  

To which 001, Richardson addod: 
'!One thing, of course, that those f igwes do not reflect  is 

the requirement for additional a l l o y  ateol, ~ n d  that i s  a vory 
severe requirement right aow, and i t particularly affocts tho 
nickel and tho molyBdonw3 gqply; tho only m i n i m  out  of which we 
can get addi t iond nickel and molybdenum i a  our awn spscificationg. 
In addition to tht, we are faced with the loss of n sizable pro- 
p o r t i o n  o f  our n ick01  supply f or certain military rensons. Wo 
noed to naka, or needed t o  W e ,  in September over 25% more a l loy  
steel in order tn meet the requirements for tanks and pl~nss and 
other military equipment and we ara meting that requirenent. We 
aPo neoting it through consemation, People sqy often t h t  no 
mattor how much we caneeme, tho alloy st i l l  &ems t o  be nore 
scarco. Of course, that is duo to this rising mount of a l loy  
steel. Fron the math nf November on, we h v e  t o  make anathor 
150,000 tons of alloy stoel a month, in order to noot Amy and 
NAVY r ~ q u i r m ~ n t s ,  and i t  is vory inportant, particularly in tha 
case o f  your stainlaas staol,  that we reduce tho nickel annunt, 
if it can be done bocause nickel ie the oho element f n additian 
to mo1,vbdonun in which we a t e  going t o  bo caught short." 

Mr. McDrwell teported on a nea t i&  nf tho Hnnogene,nua Arnor J'abricatbrel . 
Group held the previous day: 

'One nf the  first itona t o  be considered by the Kornngeneous 
&mar Frrbricatars' Crcup yes tcrw,  and nno that usually bring8 
fo r th  ennsiderablc discussion was Specification US-49.7, Bevision 
3, Qn the weldidg of armor. The f irs t  c h a w  t k t  waa retommsnded 
in thb specification hns t o  dn with the coPtp~sito t a s t  p h t e  mile 
of twcl t ypos  of amor, As the specificatibh shpws tho H plnte now. 
on0 type o f  armor is put in the two outside legs ,  and the sewnd 
type of armor f s usad far )the two coster sectinns of' the H plate, 
The Group w o u l d  l i k e  t o  hafio th* &hanged sh that the one-s ide 
s e c t i o n  and nne cantor  s ac t i on  is i d o  of one type nf arnhr, and 
tho other center eectfon and ~ t h e r  s l d o  eoction is M e  of tho 
seaond type of armor ,  

"There saens t o  be cansiderabl s confuain n and niaundorstandlng 
ae to what constitutes a rprocedure g ~ l i ~ i c ~ t f o n '  t e s t  plate and 
what constitutes a 'developmentt test plate. Tho Group would l i k o  
t o  have this c lar i f ied  in tho speciflcntion, and in regard t o  the 
q W f f i c a t i o n  of new prqcedures, i f  would also l i k o  t o  have a more 
definf t e  und&standfng as t o  the nunber .?f t e s t  plates requfrpd t o  
qualify a new proccduro. As regards H plates sent to Abetrdeen 
Proving Grnund f ~ r  t e s t ,  there hnvo been instances ;#here the plate 
has f s i l e d  in the X-my examinntion and consequently was not sub- 

" 

jocted t o  proof firing. In m s e s  like this,  tho Group would l i k e  t o  



have the indivbdual fabricator whose plate bas been rejects&, 
n o t i f i e d  by Aberdeen t o  this effect, but they would l i k e  t o  have 
the plate classffied ae a 'aevelopmentl plate and proof fired 
far any information that they might gain f rom it. On page 11 of 
the Specff ication, on the weldfng of the H plate ,  there is a para- 
graph that 5ag.s the interpass temperature during dslding of the 
t e e t  plate shall  not exceed the preheat temperature, if any, b 
be used in  production. I t  was generally agreed tb t  few fabesa- 
tors, If any, had paid attention t o  th i s  paragraph, and that it 
should be changed. 

#At the present time a sumey is being conducted by the Tadk- 
Automotive Center t o  determine the  average fatarpass tamparsturea 
encountered in tho actual wolding of the tank hulls ,  hnd before 
any changes aro s ~ g g e s t ~ d  or recommended, nothing w i l l  bs done 
until the results of this survey have become available, Tho first 
one deale with paragI'aph F-Za(4) which, in the ease of the r e j a r  
t i o n  of an H plate, run reads that 'Another test plato may be sub- 
mitted which must p ~ s s  the ba l l i s t i c  requirements.' The proposed 
change would require two t e s t  plates after tho first failure, 
and both plates nust pass* f n paragraph F-2a(5), the following 
sentence I s  to  be added: 'And the resultg shall be approved by 
tho Tank-Automotivo Center.' This d a d s  with the visual and rsdio- 
%raphic' examination o f  tho test plate$, In Table 11, the following 
note, which d W s  with the shook t e a t  of tho H plates I s  t o  be 
added: t19 &nfr cracking occurs in tha croee bar weld, as a re- 
sult of an impact occurring at a distance of 3'' or mora from the 
cross bar, the plate shall bo Pafled.' Paragraph F-2bCj) shal l  be 
changed t o  read as f o l l ows :  'The welding operator qualification 
t e s t  plate shal l  be 'inade in the most difficult poeition encoun%ered 
i n  welding the production vehicle. Where the th ichess  of the 
plate in the struc~uro t o  ba welded does not exceed 3/4", the qWi- 
fication wald a&11 consist of a butt weld, 12" long, between two 
plates, each 3/gn x 12" x 4'' minimum, Whore the thickness of the 
plat6 l a  tho structure t o  bo welded excebdg 314" the thfcknesa 
of the plate shall be lV.! Another item t o  be added t o  the apeci- 
f i c a t i o n  is that 'No weld repairs o f  r e a r  qnalificatfon test  
plates shall be made after the i n i t i a l  radiokraphic exmnfnationbl 

"Oonsiderable difficulty has been e ~ e r i e n c e d  by some fabrica- 
tors fn identiwing the  heat Rtld l o t  number of the armor cas41nga 
t h t  t h q  receive, and tha Group recornended wt in place of the 
present system now baing used, where both the heat and l o t  number 
i a  stamped on the casting, that the castings be identified by serial 
numbers, and that the heat and l o t  numbers w i l l  be t i e d - i n  with the 
serial nwber of the casting. 

w W i t h  reference to the use of stringer beads on the last pass 
of a butt weld for the annealing effect, th i s  practice is b sing 
followed,by some fabricators and not being followed by others, and 
there was no agreement at al l  as t o  the value of this p&ticular 
procedute. Some fabricators claimed that they had as good results 
'oy not using the annealing baads md others claimed that in  their 
experience they had found that the use of the a ~ n e a l f n g  b a d e  had 
given them better resulta. In order t o  have a claw picture of the 



situation, Lt. P l e s a  has agreed t o  make a survey of a l l  the test 
plates that have been fired at Aberdeen with the result as t o  t h e  
number of plates which passed and fai led with and without the use 
of anneal ing beads. 

"The Group as a whole felt  that thare m e  a need f o r  some 
t e s t ,  either ballistic or physical t e s t ,  that would show the 
relative  value^ of the different welding procedures that are 
used f o r  depositing the f i l l e t  welds, but no decision could be 
reached, or any good suggestion offered as t o  how this t e s t  might 
be drawn up, The maximum carbon content for rol led armor which 
waa agreed on at a raoent meeting of tho Liaison Qroups of the 
Subcommittees on Rolled Armor and Welding of Amox at Watertown 
Arsenal, came in for considrarable discussion. Thore was con- 
s i d e r ~ b l e  diaagroement aa t o  what tho r~suLts would be when using 
artnor plate o f  the mnximum ocxrbon content set a t  this  meeting- 
Soae  fabricator^ Q X ~ ~ B S ~ Q ~  th~mseIv08 as being fearful, of the 
results that would occur in production wolding, 

'In connettion with the use of large dfmotor oloctrodes, 
t o  date 25 platos have boon proof fired at Aberdean; of those, 
10 h v o  failed. While these reeults show t h t  a g r ~ ~ t e r  number 
of platos have passed than have failed, the proportion of those 
that have passed is not  great enough .to prove definitely that tha 
uso of larger c~lsctrodee can be given approval by the ordnance Do- 
pmtmant. Also, of these plates tb t  have been fired, thare was 
no uniform welding prouedure used in the f abrf cation, " 

Lt. Pless added a commont with roforenco to X-rw t e s t s  of welded H plates8 
"1 think i t  Would bs wise t o  clarify the X-ray situation as 

explained in the report. The practice at Aberdeen in the paat has 
no t  boon t o  regoct nny H welded plates on X-ray, We hvq o a y  
judged them b:r standards which we would call feasible, and make . 

a report as t o  whether we consider them satisfactory or unsatfs- 
S F L C ~ O ~ ~ .  T h ~ t  i n f o r m t i o n  had no boaring on whether the plate 
was accepted o r  fai lod.  Plates have been passed or failed on tho 
ballistic toat o a y .  The idea now is t!mt we w i l l  put i n t o  ef- 
f ec t ,  immediataly or aa soon as tb Tank-Automotive benter advisea, 
the %ray judgment of H weldod platos, in addition t o  b a l l i s t i c  
tes ts ,  and wo w i l l  pass or fail the tests on X-ray and advise the 
manufacturer if the plate fails, so that they may tell us whether 

- they Wish us t o  fire it or Peturn it t o  him, ,and prepre him for 
possible grinding out tho welds or making another plate so that 
the armor will n o t  bo wasted. If he desires us t o  f ire  the plate 
we w i l l  be glad t o  fire that plate for dovelopnuent, and use it 
for our ballistic purposaer as w e l l  ae a r n ~ r  pwposos he might ~ V Q  

for that," 

Some individuals though% from theso re-ks of Lt. R e s a  that no more % 

welded plates made with 318'' and 1/2" elactrodes should be sont ,in for. 
t e a t ,  Lt, Plsss addodf 

"That does not maan, tkmt we are not going to accept than or 
do not  plan t o  eat all - absalutely not, Wa are no t making a flat 
statement to thnt effect,  but our statement is that our results so 



far have not shown conclusively that these aisss of oleotrodee 
are suitable f o r  ptoduction welding on theae vehicles. 1 don't 
believe zrngono can soy that ten failures out  of twenty-five I s  
a very good showing* 

"Suppose we elimirw-te two of, the plates which you are 
talking about, tho two plntes which would seem out of .all ques- 
t i on ,  They do not  soem to  be production procodura ~t all. They 
used sevaral small sJzes o f  electrodes, I think it was f ive  sizes 
i n  one casa nnd six sizes in anothar -Be, and thoae two plntos 
passed* If wo subtract those from tho t o t a l  number o f  plates, 
we h e -  ten f a i l i n g  out of twenty-t-beer 8uppose we take three 
more plate8 of high W o n ,  .40 carbon, we take those from the 
twenty-throe - that gives us seven fail ing out  of 20 - that is 
still not good." 

Mr. Bidermein commontod on this eloctrodo question: 
"1 might mention tho faot th$ when wo etarted in wolding 

axmor plato wo have very smnL1 rods, a d  we had very bad failures. 
We al l0  h d  a lot higher ~ L l n y ,  which was 25/20. I think y i th  a 
l i t t l e  co-oporctfon f ron  Aberdeon on t es te  of those rode we can 
prove t o  you that thoy w i l l  msrke a bot tsr  welded vehicle, Take 
the queatian of your bevel or my o thor  part; I \ m a d  r a the r  have 
a gn'llan can t o  ffl1 ek gallon pot than uso f i  l f t t l e  t e ~ c u p .  Now, 
if you aro f i l l i n g  up the teacup, than uao the teacrup, *but 1 thf ak 
that with tho largar volume tho lnrge el0 ctrodo, gives ybp A better 
fus ion  zone all the way througa an rr 1-112" plate? It w i l l  carrg 

. from 50 t o  70 Brfnell lover thha when f inishfng q with n 1/4" 
electrode due t o  the fact that t h ~  temperature riaes a d  you cool 
slower. I think instead o f  cflticism,,that somebody t r i a d  to lay 
a rat in thero ma caver it up with the wela. f think this thing 
is a lot more Beriaus than say ing  this is nn gnnd, m d  tht is no 
good. I thtnk we had better learh something of a l l  thoae wolds - a m 1 1  wires q t o  tho heavy wires - md we are s w a  of w h a t  we 
can do*" 

And Lt. Pless  added; 8 

UWe wmt t o  learn ennothing about these thfngl and of different 
eleatt-odes, and wo*are willing to havo it proven that they can bo 
used in production. I hope evasyboily that  is interested i n  using 
that s i z e  of cloctrnde will do everything they can t n  prnte it t o  
u~. we would  like t o  have as mny plates as they can send us, and 
Id would advise then to  stick t o  ono procedure only an8 prove tho 
one procedure t o  us rather than uso n dnzon ilifferont praceduros. 
Then we would  bo willing to O.K. those rods." 

Mr. Smith, Midland Steel Pror'Lucta Compaw, rnisod a 'question of intereot 
to many fabricators: 

t'Peraanally, from rpgt own ,angle we have said wa up ag~iilst 
a manpower problem, but what I am trying ta find out is, w b t  is 
qualif icntion? Row may plates muat I subait before- I am qualified 
or must I go on inilofinftely? Obvfnusly, with glates costing us 
$1400 f o r  overy plate I& nro sending dawn there we can't An fin 



forever, We can't keep sending down ten or twelve r week. If 1 
can use large electrodes which expedite the techniqw in welding, 
I GPO. take an operator ma use the 3/16. or 1/4It, or tdre the 112'' 
alsctrods and get a mch sounder weld, But the only reason I 
brlw up the electrodes question is, can uw be qualff fed? b t  
must I do t o  qua;lffy? I haven't an answer on that yet. ti 

To which Major Ooomba replied: 
"I am very sarrg, MT. Smith. I have tried t o  answer your 

question, The problem is that I have not given you a 'Yes' * 
that is why you eay that I havan! t answered your qwstion. At 
$he last meeting I told you that I couldnl t tell you how naaqy 
H plates you would havs t o  submit, We oanl t givo an an6wer yet.  
The aame thing applied t b  bare, wira or my other procodure which 
we consider as llrrU8ud. not proved by eqerfence in welding, It 
is one of those situatiohs in which you c m ' t  srbitrsu-ily 8~ 

that you submit throe H platae and wa w i l l  qum3ify you. WB just 
cannot &o it that wwe We 8re not operating that we'' 

And Mr. Smith &eked: 
"If I can qual i fy ,  say on 90% of whatevw numb& of plates 

that might arbitrhrily be sent done8 over hare, Wo~tmately  
who cannot qualify, must I be psmlizod because he can1 t q d l f y l  
%y can ' t  1 go ahead and use the procedure in our own plant and 
tRke adv&t~*ge of whntever we might ba the better 9nP' ~. 

To which Major Ccrombe answered; 
"Because we, Ftre st i l l  not convinced thnt you or anybody elsa 

can produce a sstisfactkory welbentr  

Mr. Biedernwn cemented:, 
"Mr. Chairman, I: had hopod thtt tho Ordnmcg Department would 

pick up tbia p-gram and work with the people who know w h t  this 
electrode sitriatian is, who know how t o  use the large electrode 
and know how to prepare fox it, and set  up a program wltb the large 
elactrodb. In comparison wtth tho small electrode, I feoZ they 
will be vexy mch s1~rprig~d. SO I think that program should be 
taken up here t o  ba dqfffit, ely devaloped by the paople that knaw 
w h a t  it is, and tho Ordnanccr Dopeketm~at ahould be eatis9Ped that 
the jab is O.K. You can't blame them for turning them dbwlz, T h a t  
is w h a t  we m a  here for, t o  set up programs, to prove thebe things. 
I t means an awfvl l o t  of difference t o  the mnuf actwers if. they 
can lay down 15 pounds of rod in an hour, ~s aminst 40 or 45 pounds, 
It mannr an awful l o t  t o  the wire manufactwera t o  save 20% of  the 
waste in etub ender, item which f a  as fmolved as when YOU W B  
using the emall olractrodes, Thore is a Jo t  of difference ~shon you 
uac. one electrode per pound against eight per pound, mectrode 
manufacturfllg: facilities can turn  out double t h ~  tonnage with the 
3/8" electrode in the dtqvt s run, approxilaataly, t b  they can with 
the 3/16 or. the l /bn rod. Tht is very impartat with reference 
t o  machinery for  cooting m d  also the wire producing mills, If 
they w the 3/gk rod, they can nur n l o t  more tonnage of rod than 
they can with the 5/32n, 3/16", and 1 / 4 ~ ,  It means oxtrs drawing 



opsratiba t o  bring that rod down. I definitely think it i m  worth 
o program eret up by the Ordnance Dupartment t o  prove that bsoaor  
svery advaatee is in favor of the bfg rod, *!?here f a  not ana ab- 
jectima t o  thsr big rod as regaxdl nmnufactwing fac i l i t f  en, saving 
of al loys,  and saving of manpowe~.~ 

Upon question by Col. 2ornSg aa t o  a definite program for thfa study, 
& j o  r Ca ombe mxplainadr 

"At the last mmting of this Group, those people who are 
now speaking about thir prablm agreed uniforazly t o  submit s 
number of  platen which they hama+ Due to tho pressura in o w  
office, 1 aaemed that thoee peopie were going t o  outline the 
program amng th@mvel~es. Mr. Smith submitted s w a r d  platsa, 
and Mr. Birder- has mubnitttbd revera3 plates, and I don1 t re- 
call who the othern wtsro. Now, Lt. Rests, w i l l  you t m l l  me, or 
can you tell me, how many' differeat procrdurrs out of the twenty- 
f ive plates that were received, how - different  pmcardures wore - 
submit t sd? 

8nd Zt* Pl eer dded: 
"I can't give you the emat number, but f can rhow that I 

don1 t belf evo mom than two plates were welded aJ ikea, but f 
&ontt brlfaoe you #n bver more than two or three s o t s  of those 
two plates that axe alike. All tha rest m e  diffarent procedures." 

Mr. S~ith continued: 
%Jar+ f am w i l l i n g  t o  rest with the Automotivs and Tank 

braup t o  give us a decision. Ie it out of order t h ~ t  you appoint 
soneone? ' S b q  can go up to Mr. %iederman's plant and they a n  
see th%r thlag in aotion, which is bettsr. You can get  nore in 
f ive  minutmi that way . Z h  you can &herwise in m whole dtry. 
Thgy can come t a  qy plant and cas, report directly t o  you; in %hat 
way -be i t  could be correlated, If that w6re p~asible.~ 

3~ which Major bornbe replied: 
"I suggest that you seme as Chairman of tan informal com- 

mittee of your em,  between the people who rlrs interested in 
thib pxojpet, and t h n t ~ ~ , y  gat a31 the Onformtion together, 
get propoaed sddit$mhr&tateq procedures that are outlined, 
and call me up and we will s i t  down and talk it aver, But I r e  
peat, on the basis of t he  informtion that we have now we oennot 
give a decision and we will not.# 

Col. Zo rnig sumnmizad: 
#It sesna to me that the thing has g o t b n  far enough that 

there should be a definite program arranged. And think your  
ouggestlon ie a vory good one; of thoae manufacturers whn @a 
primarily interested in wanting t o  uee th large electrodes, that 
they g e t  togother and arrange with the TanbAutaznative Canter a 
dsf iqttr program which is so drawn that, when it is f ininbed, cow 
cluaioner ma be &awn from it. I think, Mr. Smith, then If you 
w i l l  try t o  work o u t  with Mr. Bisdermpn and others who aro in- 
tererrleb, some definite prbgram so designed that when i t  is 



finished some conclusions can be drawn from it ,  and work t b t ' U P  
with the 'Pm&-Automotitre Center, I think we will get somewhere on it. ' 

Mr. Abbo tt reported on activities of the Face-Hardened Armor  fabricator^' 
Qroup z 

11 &er since the organization of the Faa~Hardened Armor 

Fabricatorsf Group the principle energies of the Group have 
been devoted t o  the producing of a welded j o i n t  In face-hardened 
armor plate, of a character that would withstand the punishment 
that is required in the sehral vehicles in'which the plate is 
aesambled. The Group first met and agreed that the  best  way to 
handle this would be to make up i t g  own jointa and do its own 
pretesting and later submit platea made up aucordfng t o  tha 
best practices that we knew of at the timer we Wuld submit 
those then t o  Absrdeen and from the data obtained in o u r  t e s t a  
and from those t s e t s  at  Aberdeen, Specification US743 w a s  
formed. !h%s specification has been in operation in several 
of tho fab~icatora~ pJants now for s few months, Prior t o  the 
issuance .of &mff icr i t f  on ~ 6 7 4 3 ,  seveya fabricatore were 
welding j o f n t ~  f n accordance with either tentative specif imt ions  
mde up at that  time, OF by hgroernent or unilerstanding with the 
contracting agenaias find the various iaspection departments, the 
object, of course, being t o  produce the best that we knew how. 
These j o i n t s  hnVo been generdly satiafwtory; I would sny thoy 
wcre gonerally sati$factory because wc hive hnd some reports 
from batt le  condftione, ~ n d  from some t c ~ t s  that kero mads at 
Aberdoen, and with tho exception of tho failure of apme type8 
of joints  whfch 1 bsliove were duo ts the dosign rather t h n  the 
welding, thero have been oompm~tively few failures. 

"Recently there have boen arncks that have been appearing 
not immediately adjacent to the welded section but about a six- 
teenth of an inch away from the Junction of the yeld in the parent 
metal &bout an eighth of wn inch  way, and in some cmee the cracks 
run at right  angles with tho l i n e  of wold. We face-hardenad fKb- 
ricators a r e  not in egreement among ourselvas cis to whether these 
cracks are caused 'by the inherent mechanics of the welding t o c b  
nique, or whether or n o t  it is dug t o  the chemistry of the plater 
Imme&iately, when we saw that reject ions ware ~ssuming h serious 
propor t ion wa had n, meoting, Tho first meeting about two weeks 
q o  nt Middletown was hold under the auepicos of the Integml 
houp of the Armor P h t e  Production Comftteo, and the becond 
meeting m e  held yesterday. We got t o  the  point where we decided 
that we would have t o  have mother meeting t o  outline a further 
program f o r  further development of the work, and that meeting, 
of course, we will call pery shortly bec~.use, as I sw, the re- 
jection has assumod seriou~ proportions. 

- naX%743 specification was also discusasd at the meeting, 
and In gonerd, wo were of tho opinton that  i t  is a workable 
specification. A t  the time of making up Specif icnt ion MS-743, 
we condensed o u r  oxperionces with development of j o i h t s  i h t o  a 
manual which has boen publiahed2asd distributed t o  some of the 
people who are interested in the woldfug o f  face-hnrdoned mterfcd,  



the joint8 as shown in the r a t a n d  we have no desire t o  make any 
changes. It is -rely a satiefactory guids for you who w ~ n t  to 
take up welding o f  fnca-hrdened armor plate, It is a, a i d e  for 
you as .e, stwting point. You have pour d i f ferent  vahiclea, as- 
sembliee, otc., and you w i l l  have t o  dovefop the Joints  aecord iw  
ly, In welding armor plate,' you asimply cannot just put two plates 
together as you do an H plete, and weld them and carxy that idea 
out throughout a structire. If you have au angle, or a bend, or 
two plates coaing together, you have then got t o  provide for  thnt - so donlt  take this manual 8s a complete guide or  instfhction 
book. Jt is just simply to act as a starting point. 

"We b v e  developed Borne new joitltsb h e  in particular t ha t  
looks mighty good was developed by Mr. Osha and &. Sts inn~er  of 
the American C a r  and Foundry Company. Hbweosr, Mr. Steinnwer haa 
stated that their elrperience on that type of joint b e  been very 
limited, so fax, that ha would like t o  do further development work 
before he has his fiaal re con mend at ion^ t o  &e ooacerniag this  
joint. qhe Diebold Safe and Lock bmphay has W e  a modification 
of qome joint8 on a thignsr plate whioh we w i l l  incoq5arate in this  
manual, and which we have found for welding purposes, will al ihinate  
some of the passes that  are shown i n  thie welding manual. In some 
places, instead of making f i v e  passes, we ehn do the eame work and 
get the same results with three passes, step That weld was in 
thin plete.  I qualify furthm by awing thnt our work has been 
done up t o  and including 1/2", Mast of the work is In 318% a d  
112" plate and we M a  previously welded that with f ive  passes with 
s broadening of tho heat-aff ected zono. When no make it in throe 
pasrrsa, we have narrowed our heat-aff acted zone. Dur- welded zone 
appwently remains the same, That  welding is after h a t  treatment. 
Perhapa, I had better say a l i t t l e  more - perhapa my report were iw 
complete. The Mebold Compaqy i s  welding by t h e e  methods. We 
weld an aircraft s o t  prior t o  the heat treatment. The shape of the 
se t  and the nature of the weld is such that we can do that sna do 
a very good jab. When we do that, the cracking that has appeared 
in other typea of welding is practically negligible. I doubt if 
we h d  more thm one o r  two sets in1000 sets  rejected because of 
crhckiag in the wolds. We alga do a limf ted m o u n t  of the butt 
type of welding, and it is tn t h i s  cneo that I b v o  just aited, 
where we hatre reduced the number of passes, we have narrowed our 
heat-aff ected xohee and we have not docreased the bal l i s  tics in 
these zoneg by welding. Xt has gonerally been a very satisfactory 
jab. 

'We a l s o  dd quite an mount of welding of gun shields, p a r  
titularly .the 20 mn. gurr shields by the plqyatrelp welded oclnetrue 
tion. I think overynne who hae attempted t h t  tqpa of welding where 
they are permitted t o  uso t.b,t type of strap, have been very well 
pleased with thnt type of rrelding and I & n l t  have any improvement 
over that type of structure  t o  of fer  at this  tine. But, as I say ,  
it seems the lnrger the rod you can use, Mr,. Biedermn, and the 
fewer the pgaees you CPU~ lay dbwn, the better j o i n t  you get.  l'hat 
is our experience on thf n f ace-hrdened platen4' 



~ t ~ p l e s a a d d e d :  
"1 might add, just as infornation, that We sacrntly have had 

an opportunity t o  tse t  a number of face-hcLrdeoeB plates in the 
heavier thickaeases, that is, around I", Rsra these t e s t s  have 
proven t o  us the inadequaoy of the preeent shock teat. fn 
743, not only  have t h q  proven the inadequug of that shock tes t .  
but also it i s  obvioue that we will have t o  increase the severity 
of the shock tes t  for prilaary facehardened plates, at leabt in 
the heavier thickners, and probably in tho thi'akaess of 1/2" Elnd 
3/411. I think that is w i m t  we are going t o  Look for in the near 
future, and there w i l l  be Borne definite changeo made in those 
apecifications, I can assure you. That  16 on the 1" thickness 
plako. Thq shock t e a t  on welded plate m a y  be satisfactory. Our 
exp'orienae so far has not indicated that we need 8 ohawe in tho 
l ighter  thfckness, but the heavier thfckness of 7/PIt' and 1" w i l l  
def iaitely need a 

fit, h d @ l  reported on a meoting of the Eleatrode Group held tho pro- 
vious *: 

"You w i l l  recall that at the last meeting, the Electrode 
Group submitted two standard analyses fop coro w i r e ,  a modifiod 
t y p e  307, and a modified type 308. To give R little back@ound 
on twt, it is not  the i n t an t i on  that those coro wire e r d y s e s  
be adaptad 'oJ, the Ordnance berpartmont as specif icat ion require 

' 

ments, I think tharo has beon a l i t t l e  misunderstanding t ibout 
thaa;. It is our understanding. that it is the deotre of the war 
Production Board that standards of core wire analysis for  modified 
18/8 electrodes used i n  the welding of ba l l i s t i c  steels 3s adopted, 
the puxpose being t o  prevent the use of a special apecificatfon 
by -every oloctxode mnufactuxer. 1 believe that the etaternen* w a  
made at tho meeting yesterday that there were almoet as many "Par- 
fotios of specifications for what is sqposed  t o  be the same t ype  
of electrode as Hefnz has a vwioty  of produatsb 

"The h d n w c o  Dopartmant received a lettar from VPB request- 
ing that consideration be given t o  lowering tho chromium content, 
f rom 20-1/2$ t o  some lower figure. T h a t  was on the basis of roc- 
ommendations from the core wire proaueers and who, porhapsb had 
not been adeguntely represented at the previoria meeting4 

"There were certain modifications mads as a result of t h i s  
meeting. I can give you those two new aneclysee as introduced at 
the end of tho meeting, and as thqy have been reeomndad t o  W B  
through the Minutes of that meeting. 

"bdified .%me 307 - Carbon, .07/.12; Manganese, 
3m75/4*75; Si l icon,  .25/-60: Chromium, 19r0/21.0; Nickel, 
9.0 10.5 (that is a change f r ~ m  9.2/10.7 in the previous 
6ne I ; Phosphoma, .05 max.; Sulphur, rOJ m u e ;  ~oiybdenum, 
only residual permitted with r e p o r t  of arvslysfs requircda 
Now that is a change. 

n&dif f ed t n o  308 - Carbon, ,071.12; Mangaassa, lr 6 /  
2.2 (that is n change); Silicon, ~25/.6@ Chromium, 20.01 
22.0 (that repredents a half a point reduction in those 
original limits, I f  doea not go down quite aa far as has 
been suggeeted by the core w i r ~  manufacturers); Nickel, 



9.Oll0.5 (that ias n~rroaring of P hnlf s o i n t  of that range): 
Phasahorua, .Oh m.; Sulphur, ,07 mx,: Molybdenum, only 
resi&ual permitted with renort of ~ n ~ l y e r i s  required. 
"Tfnfortunatelg, it seem t o  be true t h ~ t  the b d ~ n c e  of allay 

which is beat from the stnndnofnt of the s tee l  mills nnd core wire 
p ~ o ~ u c e r q  i s  not auited so w e l t  for the electrode mnufactWePs, 
Phese analyses, rze stated here, will pr~bnbly  require the electrode 
mnufnctq.rars in certain c m e s  t o  W e  additions of cbomfum to  
their coatinps i n  o ~ d e r  to get  what they consider the nroper elec- 
trode. That w i l l  be in the casesi where the nickel is on t h e  high 
side* This specif i c ~ " t i a n ,  if you ca l l  it thnt,  i s  not intended 
t o  do anything except ease the situation as far as the steel mills 
are concerned- As 1 underst~na it, they Ere the people who want 
thf s specif icctionr Primrily, the electrode manuf-.cturers, ae 
was evidenced fit this meeting yestoribx, would v~ , s t l y  prefer t o  
continue as i s .  %ch one of them specify their own par t i cu la r  
~nalyaes and trp to  get them. 

"The Navy reprosentstirea at the meeting agreed t o  recommend 
certain necessary modifications in their electrode specff ications 
t o  tnke care of this lowering of the  chromium conteqt. 

"The next subject which wes discussed for the second t t i m s  e.t 
the meeting was the mtter of electrode lengths, The homegenaaus 
armor fabricators will reed1 that at the Detroit meeting they 
were requested to submit their recommendations f o r  electrode lengths 
t o  the Electrode Group. &ain,.in this case, i t  wns our undaretand- 
ing thnt t h ~  ldelding Section of the War Production Board desired t a  - 
accomplish a reduction in the number of lengths in the electrodes 
produced t o  facil  f t e t e  pYoduc t ion.  The hofnogeneous zrmbr f n b r i t ~ , t -  
ora selected the fol lowing l e q t h s  ~ ? s  'being those which they prefer: 

. -  5/72 - l b i n c h  
7/16 - 1B-inch 
114 - 18-inch 

5/16 and over - 2Linch  

%t the l a a t  meet in^, i~rh-n thie was ranorted t o  the Electrode 
Grourp, ~ . t  the meeting in D e t r o i t ,  it wae felt t h t  t h ~ p  were n o t  
prepared t o  go d o n g  with these recomende?tions an the b ~ s i 8  of d ~ t n  
~ v a i l ~ b l e .  The Navy lhnrtmeat very kindly consented t o  make eome 
t e s t s  ~ t '  their mectrode Approval Laboratory on the longer lengths A 

of electrodes $0 see whether they were considered eruit~*ble f o r .  either 
Nnvy or Arrrsy nurnosed. h r e p o r t  of these t e s t s  was ren'derpd at the 
Electrode houp meeting yesterdny, and, as a result of those recom- 
mendations, the 'Electrode Group arrived at the following aahcllx- 
aiona; 

"The lengths of 1/8" and 5/32" electrodes should be lb", 
The length cf 3/16" e l e c t r o d e s  should be 14" for all positions, 
and 18" for flat 1 ; 0 3 l t i ~ ~ s ;  1/411 electrodeer, lg-" - tbt wns iden- 
tical with the f abrica.toru' .-rec'ommendat4,on;. 5/16" and over, either 
18" or 24". The reported t ha t  with the exception of the 3/16" 
diameter 18" electrode, for a l l  positions of work, the longer 



lengths ropuested by the f~br icdtors i  wePe aatisfwctory. f t  is 
undarstaod t h t  the Navy representativear m e  gafng t o  recommend 
the adoption of these longths in their specif f cntions. 

We then had a mequest from tho Natioml Research Council 
reprosontetivo, Mr. Bumberstono, that cloctroda manufectuf~r~ 
furnish or ob t ~ i n  t o s t  dRta on aloctrodoa which they produce, 
capable of giving phys i c4  properties equivalent t o  armor plate 
after heat treatment, md by that wo meah after the weld metal 
h a  gona through tho e m o  heat troat,mant cycle as the annor platom 
T h t  is desirable fop sward peasone. In the first place, that 
procelturs is being employed t o w  in the repeir of castings - 
they q r o  r o p ~ i r e d  before heat treatpent, There is the poss ib i l i ty  
t b t  if 8Uch electrodes were available - if t ha t  data m e  avail- 
a%le - there aso certatn subassemblies in roLle6 -or which might 
be falricated in that manneb. The alectraae manufa~turers agreed 
t o  au'bmit t h i s  information to t h s  National Research kuncil. The 
Automotive Center has offered t o  faeilf tate the submiasion of 
any samples for t o o t  which the eloct~ode manufacture~s require 

. and c ~ n  show that the results will be of valuean 

Mr. Biederman brought up the quefition o f  an. electrode specification: 
"We hhvo six o r  seven separate suppliers of electrodes 

m d  without this  st+ndardfaati~n i n  maganase and a11 the 
other alloys that go i n t o  electrodes, we have troublo with 
our operators. A l i t t l e  d i f f  eredt coating from one IhanuPActurer 
might taka more power, Fbr one 8lectrodo the operator night 
&ve 180 ampere8 s a t  o n  his m~chine. Be might hnve two or 
t h e e  types ~f olactrades in hie container. b y b e  the elec- 
trode that he picks up w i l l  take 200 amperes t o  do what we know 
as a satidactaxy welding job. I do feel that a specification 
ie absolutely necessary. We have attempted at Gem ral &tore 
to put one out, but it should be dono by the Ordnanco Depaxtmont 
and the I l e ~ t ~ o d e  Group. I know that the o n l y  ona that 1 s  in- 
jured by not having this  specification is the ruinuffccturer, and 
it does cause us quita a l i t t l e  troubla. There ara no' tiro dif- 
ferent mawfacturere t ha t  control  the same m o u n t  of amperes 
an the operator's =chine, and those wolding machines on the 
production f l o o r  are alwaye 5 or 10 fee t  away from the operator. 
A l o t  of tines the  operator is in the vehicle, and if the rod 

- does not perform correctly ho b s  to clirJb out of the vehicle 
and set  the welding mchine." 

To which Lt. Bandall replied:' 
"Speaking ,ar a roprasontative of tho Tank-Autamtfvs Center 

now, and not  ad the Chsirm of th9 Eleotrpde Group, tho Ordknco 
-&par tmont rocognio es the doe irprbf 1 ity of having an alec trade 
specification, and it I s  hopeil, that that will be one of the sub- 
j e c t s  on the kenha of the next Electrode Group'rno6tin.g." 

. 
. 

. . 

a Major Coombe reported 04 a c t i h . t i e s  of the 8pecificntion Group: , . 
nThe ~pccffictat.ian Group mat Jarst night f o r  the .purpose of 

gning over the spocification for .the welding of pslrmor by resistance 



opot weldPng methods. T h a t  specification has been prepared by 
the Resistance Welding Qroup, and in going over it laet night 
we f o u d  $hat it is in the main aaceptable t o  Ordnanao, and we 
propose to hand that to  the specif icatf on print era slome time this . 
week, and f t w U . 1  be issued just as soon as, wet can get the wheels 
turning. 

Wtth referenpe to Specification AX&-497 that Mr. Mcdowell 
mentioned, there are eome chngec~ which were in general proposed 
by the Ordnance Department, They were diecuessd a t  the Ifomgene- 
oue Armor Fabrioatorst I f r o ~  yerterday and were acaepted by that 
Group. They werr again discussed last night by the Specifications 
Qroup ad were socepted wf th eome, might we say, ' editorial pol- 
i~hing up?' Tbae am@ndm~nta will be issued jurat as noon as we 
oan get tho nbooasstry red tspe cut. which won't Po 10%. 

"@obification ~ X S . 7 4 3  ha$ coma in for a great deal of c ~ i t f -  
oiem. Might I point out that US743 is a new spsctf i c ~ t i o n ,  
The hzce-&rdowd k m b r  Fabrbcatorar G r o u p  tow have done a nida 
job i n  bringf* out a new spscrif3catlon or secommendst'ion for one. 
Those recommendations were accepted by Ordnanae. marienes since 
then has convinced us that certain changes are needed. 1 am VOW 

glad t o  hear that the Paae-Hta$dsned &ow h&s it i n  their plans to 
recommand oertain changer. & d x m c ~  w i l l  also recommend certain 
changee, As s matter of fact, the chavlge which was incorporated 
into u9-497, regarding welding operator q W f f  icstions will also 
be incoxporatod i n t o  AXb743, because the welding oporator qudi- 
f icat ion in eaoh specification i s  ident icdo We wish t o  keep f t 
t h ~ t  wsy. We hiavo been in the =in part &dad by *tho exparience 
which haa beran gvailnble t o  us, which unfortumtely the Ordnance ' 

Departmernt h a m  not had f irart hsnd. We believe that the q w l  Sf ica- 
tiona of welding oprrrators as set up k h  these two opeciflcationa 
is ~s good as can be accomplished i n  t h t  short a space, We would 
conefdf)r tho adoption of tho Navy Department ~pscificetion in l ieu 
of the one that we have now. I might go on to s q r  t@t tho Ordnance 
Depwtmertt has adopted two new apecif icatlans, US-799 ~ n d  AXGgOO, 
which are oxaet replicae of Navy Department specif ic$t%on~* 

'IT believe there i s  another apscification involved there, ar 
a matter of fact, AX6-700. Thare is, Wortunate3y, on the part 
of a b m  of the fabricatore, a feeling that the Ordnancs Depa~tment 
i s  being arbitrary about this, As I mentioned in g meeting three 
months ago, the +mphaais on production ber now changed into - 
p b e i a  on quality, Qmlity ataadmds a m  o n l y  be upheld by specie 
fioations,  intelligent specifications. If any fabricator has cer- 
t a i n  things which he thinks should be inclMed in tbs specifications, 
and which apply t o  his pai-ticular case, the 0rdnern.c~ Depwtmeat haar 
no objecldon t o  that fabticator writing up hia own specificatioae. 
Ae I have explained t o  Mr. Smith, in the case of electrodae, we have 
no objection to your writing your own electrode qoci f  iaat ioaa until 
auch a t h e  as Ordnance s M 1  have an eledtroder specif fcation. In 
the meantime, we aannat recognize any toarts, any acceptance t e s t e ,  
an electrodes th t  indfvidml c o q ~  has which are not in ac- 
aordamo w i t h  our ova tests. That ie on@ of the chief gripee that 
aamers t o  q eare oh our Ordnance ~pecifiuatioae: that the farbricatora 



have to submat so mny different q w l i f i c a t i o n  t o a t  plates in 
order that thw qwdify nll of the different olcwtrodes 
t h ~ t  they wish t o  use. Reeentlg, I had the amma familiar &rips 
como t o  mo* The gontlomn in queatioa pointed out the gsonat- 

. ricnl progression of ~latos t h ~ t  would bo roquired in qualifying 
a certain number of electrodear WB asked him why ha had t o  have 
thRt many ebctrodos, Well, he star;lmored a littlo b f t  and then 
said, 'All right, I gueas $ can got along on two alectrbnea i n  
that plant.' %me of your requests for waivers a r e  reaeonable 
arid aone are highly unreasonable, gentleman. I wish you would 
consider them aoriously before you request, then, The Ordn~lzco 
Department w i l l  consider requestr f o r  waf vore provided they ere 
gupportod by adequate infarn~tion t o  b ~ c k  up t h ~ t  roqueet, and 
no t o thomise,'I , 

Mr. MRnn rnisod n queetion about waiverst 
"Here me Specifications AXS-494, 48g, 711, 606 ~ n d  490 

which have clauses that there aha;ll bo no local hcsitihg after 
heat treatment. Sbndnrd Stael Spring requires their heat 
t reat ing requiromente or facilitios to flaw cut ~ f t o r  hQat 
treatment. Also, i t  is at the discretion nr the Inspector. 1 
think that those clausoa ehouJ,d bo nndff%ed, l imite  set up, or 
waivers issued. we have requests for waivers about once R week 
from these f a c i l i t i o s .  " 

TO which L t r  Reed replied: 
nMbst people are heating nnd cutting as they please, and I t  

is only when their conscfenco hurts them a l i t t l e  bit tha6 they 
ssk for a waiver, The welding specification, I bolfeve that is 
AXS-~Y~, preacribos m x ~ i m m  temperatme we can use on homgenaous 
plates; m d  AXS.743 a w e  'haw high we can heat a carburired platem 
Tho reason for haviqy that clauae in thorc is n n t  bec~~use the 
Ordnance Depr.rtrront wae afraid of w h a t  might result from l o c a  
heating, bat they did n o t  want pooplo t o  do things that waro url- 
retasonnble, ghe cfinuse can be removed rnd prnb~bly will be re- 
moved, Aa t o  waivers, I think Standard Steel h a b  d l  the wakers 
they need. The Ordnance Depnrtnont wishoar that more people muld 
take advantage of the waivers they have, and do a proper Jn'b of 
f lane cutting hail annealing," 

Col. Rye  discussed the actfvitios nf the Research Grow: 
"The Research Group had its first neating yaoterdw after- 

noon. ?his was nore in the w&y of gn argania~tional neetirrg t c  . 
ilevise po l ic iea  and m e m s  of nparat ion. b l n n s l  Znrnig at  tended 
tho meotting and gavo US some l ~ o ~ d  Rulest t o  p l ~ y  by, and &- 
ter the  usual amount of rllscussion, we walved two  nbjeotives 
for the Groq. 

nThe f irst, ~ n d  perhaps the nnst important objective, is 
t o  alininhtb duplicatihn nf e f fo r t  in reatsmch workr Research 
facilities a r e  na oritical as met angthtng olsa, and o k i o u s l ~  
when a rosearch program is being carried on ~t o w  pieco, any 
research work of similar oknrasrter should at least be coordimtod 



or p6rhape held Pa abeyanue until the first Job is completed. 
Therefope, the Group's duty i e  t o  emnine and disseminate i~l- 
formation hawing t o  do with the research work and reraedreh pro- 
j ea ts  beiag carried o& These projects are w r i e d  Qn by N-DoR. G O ,  
Government amends, industry and a few other places peskpe, so 
S t  is the intention now to compile a l i s t  of such projects an8 
the Chairman of this Subcommittee w i l l  see that these l ists a r e  
diatrfbuted to the s~bcommittee members4 In the event there 9s 
research work of sirnil= character going on, i t  is aruggeeted 
tbt i t  be aosrdinated. 

'The seoonh job o f  the Rosearch Group fs t o  examine pre- - 
liminsry rgsults and data from research projects, and advf re on 
tho practicability of mimy of them, Wsn the projeut reaches a 
point where I+ c3an be commercidizod, the  information should be 
dfsseminqted. t o  all  the mmbere so that they can all take ad- 
vantage of that infommatfos and data. There are some complice- 
tfons f nvolved there, since some of  this is of a ~confidenthl 
nature, but &lone1 Zornig thl& that that can be surnotlnted and 
thie data, mde a v ~ i l a b l s  t o  people who actually have need f o r  it, 
Then, there are 8, m b e r  of rests&& proJacts that apparently have 
merit, going i n t o  the project, but whir& later a r e  ohown t o  be 
rather lacking in proc tioabili ty, or  prac tiesbili ty of applicab 
tioa, Those projeuta should be noted as such an4 diecontinued 
wherever possible, and particularly those of academia value - 
but of no practical value. At this time we are interested in 
infomation and data which M i l l  help in the production of better 
matorielo so that the co-operation 09 a11 the industrial members 
o f  the Subcommittee would certainly be appreciated in lieting such 
reeearch work an& p o J s c t s  which thqy heroe under w, so that t h q  
can be coordinated prbperly. We hope to include what the kinadime 
and the British ' a r e  also doing in s reeearch way,  with proper ap- 
proval, of course, ,but there is a rather Indistinct, i r a a g i ~ l r y  
line between deveibpment and research, Thege is ru, possibilf ty of' 
ona not going over to the other's field, (and I believe we will 
have t o  amlyze  each particular instancr, each project, t o  de- 
cide whether it is a deoelopment project, a design problem, or 
pure researoh. In the event of design, I do not believe that-our 
Group would like t o  g e t  into that, That  is development projec t  
which we want t o  steer c l i~ar  of 

After luncheonp Mr* Cooper reported on acttvities of the RBaistaace Welding 
k o u p r  

nBriefly, o u r  work can bp divided into two parts: one of  
flash welding: the eecond, spot welding. As far as the flash 
weld$ng situation f s conaesned, it 'hasn't c w a d  much sinae the 
last meetlng, nkinly bscause of  tho one difficulty of finding big 
enough machinos t o  do our welding work, Incidentally, in that 
connection adequate maahfnery is simply waiting for adequate power 
supply, and. we should have aome flash welded B plates proof-fired 
soma time in the next month, If you take a flash welded joint and 
heat treat it as sr coqplete unit, being a homogeneous product with 
no f illor metal, the joint i tself  becomes completely uniform and 
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there S.B no apparent differmace behaen a a o a s  the r e I d  snd sckoae 
the plate. When you try t o  prediat iad  trnnrslrte t h t  f r o m  small . 
eeetiona an4 e m l 1  p$a.tee into lnsge plate& in the act-l applica- 
tion, we just do not kmw pet whether that is fwdble. There are 
certain cases' whore we would know definitely that you cannot heat 
troat the structure, that there may be a possibility of l o e d i t i n g  
heat treatment in the welder, If you take long aectfona in the 
flash welder and try t o  give it s possible hwt treatment by slow- 
ing down the cooling rate, you ass agrsfnBt the problem of  mi- 
formity of heating or retarding of cooling,  and that, in the heavier 
sections may not  be possible, There are  other angles on the appllca- 
t i o n  that are item t o  whiah we have xlo solution yetl One. o f  them 
ia t o  g e t  p;n adequate production requi~eaent t o  justify the e 
pendlture f o r  equipment of a coat of dix figurea in some caeos, 
t o  weld these big seations. Aa y e t  we can moke no definftc rec- 
ommendation~ without this developmgntel work so that the resul tin$ 
welding work can he considered* 

'Iton spot welding, howwer, we have gone B long w a y  sfrioa 
ths Detroit moeting. 90 cite an example, one of the vehicle m u -  
f~cturers I s  spot welding with 20 maabinee or more, arnor approx- 
imately 5/16# thick for half-track bodies md t o  thht ha is attach- 
ing vwious thicknesses of re$nf'oroementa for parts as w e l l  as butt 
straps, angle butt straps, flat butt atraps, t o  make a ball5stfeally 
at rong j o i n t .  He i s  having A high degroe of sucooes and it speaks 
w e l l  for this company's foresight that specificration or no ~pec i -  
f iuat fon  they went ahead and pt the job under control. BaJlfsticnl- 
ly, thPs job has gone ahead very wen ,  There a r e  two o o q a n l o s  
that are spot welding craoh pada t o  the inside of W k  h u l a .  Tn 
om Qase these rubbor craah pad$ have hcles punched in them and 
using the remistance welding process, rivets me pushed through In- 
t o  the hull$ to attech the maah pads. I n t he  other caae, the 
rubbor arash pads simply have bare spots and they are @pot weldat3 
directly, wne having e t m t u r a l  joints  in m y  w q r c  There is one 
aimraft manufacturer wha is spot weldicg stainless s t ~ e l  plates to 
armor and his application is performing very satf8faetnrily. 

"Through the National Resoarch Council pro jeet ,  an i ap~ct  
t e s t  consisting o f  e r o t w h g  two plates, we'll s a y  gn x 3" wide, 
and suppcrting the O u t e r  ends on 8 definite  spacia, dropping a 
weight and tearing thht apmt under iqact ,  seems t o  be the only 
satisfactory conperable t o s t  that w i l l  indicate prograss in: c h n r  
ing technique t o  get a good joint. Om of the things that haa 
delayed t h i s  spocif imtian th t  k j o r  Coombe told you was accept&d 
last night ha8 been the fact t k t  we have lacked the technical datcr 
t o  moke R specificntion mean something, and at  our  nwletingrs yes- 
terw wo have s e t  up certain qualiffcatfan t e s t a  t o  prooo the 
process, tho oquipmont and the operator wsdeP the particular fa* 
ricatort s jurisdiction, 

OAs a second part of that speaification there is the 
point of productian testing. That, by necessity, must be as can- 
eitive as possible, and y e t  be a practical method. I think tbat 
for the first time, st least t o  my lcrmledgll of  welding speeifica- 
tions,  an impact t e s t  has been approved in stuch a eimple form that 



i t   become^ even simpler t o  make than a test of the type where 
you normally take a shear specimen and pull  i t  or =chine it 
down, ~ O T  =chine section tests or compsabla set of t e s t s .  
In these hardenable steels, the i q n c t  t e e t  is the only sen- 
s i t i v e  w a y  that we have found to know what is going on. You can 
t a k e  a good weld and a bad weld - and when I srry 'good' or 'bad' 
they may have tho same nugget diameter and yet not hRve the due- 
t i l i t y  of the o tber, and in shorn they w i l l  fa i l  .at almost equal 
values. But you give those two welds an impact t e e t  and the one 
that is tempered has many timse the strength a8 w a l l  as a much 
higher degree of consistoncy of strongth than the untreated ono. 
We can do w h a t  you cannot do i n  arc welding, i n  that where you 
mhy have er stainleas steel cushion in y o u  j o i n t .  In tho82 speci- 
mens you can tear out a s o l i d  slug of m e t d  there that has al l  
the strength requirements. And there a r e  only two cr i ter ia  itoms 
i n d f c ~ t i v o  of a satisfactory wold. The first one is nugget dia- 
meter. T h a t  must be so blg  in proportion to the mterid thick- 

I n e w  t h t  you will get the strength you want in that one spot, 
Second, it must bo t r e ~ t e d  to  the right degree of ductility. As 
a measure o f  that we u e  the impact test. T h a t  is different  
from aluminum welding whern the m t e r i d  i s  non-mgnetic, and 
~s the work pro,pessee i n t o  the throat, your condit'lons do not  
change duo t o  tho mtosia.3. i t se l f .  S tce l ,  as ~ 3 .  magnetic miterial, 
preaents qufta a problem, and i t  is unanimously %read that you 
must have some type of current compensation t o  change *the machino 
cbrncteristics to koep the s m e  welding conditions. I n c i d e n t ~ l l y ,  
the ballistic test o f  a structural joint conslsts of two plates, 
24" x g", t o  whf ch is welded a butt  strap to mnke a d t ~ n d a x d  b d -  
listic t e s t  specimen. Now, in itself ,  that might have no connoc- 
tion with the machine, but if you so s e t  it up that tho long axis 
is in the spot welders and you mlce the succeesivo ssries of spots 
in f r o m  tho end, and you take the coupons out which include tho 
first and last nugget, thon section then and mmsure t h o  nugget 
diameter, etc,, you have a good criterion ae to whether the machina 
and the operator are h c t i o n f n g  properly. We k v e  s l i t t l e  dif -  
ferent problon than you arc-welding fel lowe have in t h a t  the h u m  
element i e  a lmost  ent i rely ruled out. Now, when it came t6 produc- 
t ion checks, there.waro n great many argurnonts pro and con as t o  
what would be a satisfactory production check. Should you put a 
couple of piccoo Welded tdgether' i n  a vise and bend thon 90° nnd 
say if they break,  here is t o o  q c h  of the hunan element in the 
testing? At first the quostioa was quite a subjact of dispute 
in o u r  meeting yeeterdey, that here you ere  welding a l o n g  on a 
large block of steel  thnt is in and out of the throat of the mnchino, 
presenting variable ccnditions or combinations of inpedence, as 
fm ae the machine i s  concsrnea, Now you are going t o  make a spot 
check: each t3 hours or at loast each 400 welds. You ace going 
to M e  that spot chock antirely differoat from the  cnndit lnns un- 
der which the production p iecos  a re  welded, but it was pointed o u t  
that that is the most c r i t i c ~ l  type of check you could put on the 
mchine of the type, because if the c o n t r o l s  of those automatic 



a E s ! E B '  
compensators do not work, you wou ld  simply blow up the electrode 
tips,  'portunstely, i t  has worked out t b t  w q r .  the produc- 
t i o n  cb&e  and the q u d i f $ 8 & t i o n ~  are pretty well under control, 

"1 n the specff ication for dfff  eront combinations of armor 
thickness and attachment thickness necessary, we have spoaif fed 
Idin imum nugget diameters. qhere is a l s o  a second aolumn that 
specifies the shear strengths. Thoso shear strengths, as a measure 
of the wold qual)ty, do not mean very much. If the welds have met 
tho requiraments of nugget diameter tho impact test, they are 
an indioatian t o  the designer aa t o  jurst about w h a t  he should e~ 
pecL t o  get in shear strength if hs baa an a8equate weld, as 
proven by the other methods, 'Incidentally, 1 should point out 
t b t  those epecifichtisas at  the present time cover the weldiq 
of armor and attachmerits, clips and butt straps t o  armor. The 
values given in here are given f o r  tho butt atraps and attach- 
ment s, f o r  low carbon s tee1 only , 

''Incidentally, t o  give  you aome idoa of  he foot-pounds a 
typical joint should stand: If  ~ o u  put in B 3/16" attachment to 
any thicknoas of armor plate other thw vary thin soctions which 
hardly appoar for, after dl, 114" armor is the thinnest; we list, 
each vold must paw a t e s t  of dropping a 100-pound weight f ive  f e e t  
o~ a m i r i b a m  of 500-footc.paunde, and thoeo values by necessity, 
at this ti-, sro aomewhat on tho conservative side* They oan 
bo aasily oxcoedod. As far as tho 1/4" attachment t o  armor over 
1/4l' or more, drop a 100-pound weight six fee t  and have a minimum 
of 606-foo t-pouads. Ifhen those weights fall  from a sufficient 
height, not just 'go1 and 'no go' t e s t a ,  but stlff icfently high 
t o  fracture tho specimen, they do a very good job OF drawing a 
complete slug out of tho low carbon attachment like B deep draw 
operstzon. The jointa never break through tho mmr plats." 

M r b  Rqmo commented on a flash welding problem: 
"At LhB present time thera is a party touring the country 

who has an 'answerc to this resistance welding problom. Un- 
fortunately,  he i~ gathering the endorsement of the Ordnance 
Department r ight  on up t o  the Prssidont of the United States  
himself, At least  they.EYave n&rrow&edged the lottors from him 
a * ~ .  I don't believe the manta g o t  a @eat ;deal t o  offor .  
At least it is not  suff i c iont ly  develo-pqd. I see no pofnt in, 
at least, not aoquaint iq  the swn'with the. fact that there is 
a very definite o f f o r t  being made to  ut i l ize  this process. We 
should -not  be giving n f c l low,  whom I believe 18 spending his 
money in a l l  sincerity,  the run-wound. That is just what io 
hsppenfng to the fel lowr There is no point in the man coming in- 
t o  my plant and saying that if 1 w i l l  tell hfn that t h e  process 
w i l l  be used, somebody w i l l  give him money f o r  putting up a plant 
and building machinery, and a l l  such things aa that. And I just 
don' t think that wo ought to do anythi% l ike  that. Leastwise, 
we should give the man tho benefit of the work t b t  we aro dofqh  
A11 that 1 can tell you is that I did qy very beat t o  discourage 
tho nan, after spending about 3 hours showing him how impractical 
I thought it w o a d  be t o  put the M-4 together with flash welding. 



% the shed  of papers tht  he has got ,  oarrying the endalse- 
ments that he bas on thera the ram has reason for encouragektent." 

Magor Coombe tommsnted also: . 
should l ike  t o  oontrlbute t o  thie question. The gentle- 

man in questiob &led the Ordnance Department the other day and 
said that he haa welded up some e d l  pieces with thie procerae 
and t h a t  those were lent  t o  Watertown for  exwmination. f don1 t 
believe the r-ort was ontirely satisfactory* -However, he war 
given some additional armor plate, but the pieces were 80 large 
that it would take $50,000rOO t o  build a machine t o  wold them 
together for experrimgntal purposes* The quegition wars aaked, 
'Would the Ordnance IIBpartuent pl~ase be so kind r s  to furnfsh 
the $w,~30.00? I enrggestod t k t  if" he was so sold on this 
proceas, since. the OrdneLnco Department was not aotuarlly building 
vehicles, tho next move was t o  contact indwtry md seo if they 
were sufficiently interested to fiaance him. The Ordnance Dw 
partment would not. So he asked ma whom he could see. Wellc tho 
gsntlsman l ives  In New Jereroy, 1 bglievo,  so tho first who 
came t o  miad was Mr, Baym becnus~ ha rae near&. The m8.~ wwited 
to spend monoy t o  go out t o  Detroito an& I ~ u g g e e t M  that he prob- 
ably muld get  an -ewer from Mr. Baymo and enoo himeelf the dif- 
ference in fer~ betweon Detroit and Phtladolphfa. Tbt i e  the 
ruq-around I gave him." 

To which Mr. kaym replied: 
"Major, I surmised RB much* and I hope I convinced tho man. 

I don' t know" 1 was really susprf sod t o  $ee the endarsernenta 
t h t  tho follow has been reinforcod with by the time he got t o  
me, and there w a e  nothing on which t o  turn him down, ' P h q  woro 
all  alike, noncommittal lottcrs, Tho fe l low bad w a r y  reason to 
keep on trying, even ore of this date, unless ho could v i ~ i z s ,  
as I t r i o d  t o  impress upon him, w h a t  he was up against in trying 
t o  put such EL vehiale together as against any ono of our present 
methods of building t& structures," 

Bnd Major Coonbe added: 
"I should /fke to  point out t b t  Anaricm Pnduatry would 

not bo what it is t o d a y  if peoplo had no t  kept oh trying% How- 
ever the United States Cfoverment Orbace  m r t m e n t ,  or any 
other hvermental agency, cannot hand out $50,000.00 just for 
tho sskfng." 

Mr. Abbott raised a queetion about spot welding: 
"x. Chsfrmnn, getting back to s p o t  welding, with ref erouca 

t o  any dsvdlopmont work that is boipg dona on ~ ~ e i r s t a r l c e  wo3dEng 
of face-hardened a t e r i d ,  f s thera aqf such w o ~ k  being dnne9 " 

Mr. Cooper replied: 
"On the spot  welding, tho nagority of this has boen na  rr 

hbnogeneous plate. It . 



- 
To which it. Boucher rddedr 

"There i s  a l i t t l e  miortatomant there, $here has been con- 
siderable work done on &pa% welding fack-hrilened amr. Tho only 
thing h01dtn.g that up, arnd tha~19 hAs been spot we1dfng of butt 
atrapa with no fsiIuree, but the Air Corps and the ssircdt manu- 
facturers have been holding: back waiting for  these spedeficatians. 
In o tbr  words,' they & r g  psrfeotly willing t o  mot weld but the 
spocificationtz have been tentat lv~ ,  and until suoh time they are 
issued they &ont t wmt t n  spend any monw f a r  equipman%. Spot 
welding lms been done an both the face sfdo and th9 s o f t  side of 
the mar.  I believe you have shot aamo aamplra. 

Mr. Abbott pointed out that: 
"We have shot some srmple~s axid have done aome nf the work* 

One o f  the thing@ we &are primarily interested in f s whetbr ox 
no t  a development of the spotting n P  accerlnries t o  the face of 
the plate ham been succsa8ful. 1 know tkt d y i n g  the time that 
we were q e r i m e n t i x  with you paople that that was not &together 
auccessf'l, and that was about the only phRs~b, I believe* with which 
W* d f b '  t meet SUCC@88r tto nre m ~ k i n g  three qbaut cars m ~ l d  half 
trace, and there are hinges nnd other sccesrjmrias t o  be erttoched. 
When you add them up, there &to quite a f sw p@r Wit  which are now 
attached bg tiycting or sarowb t o  the bard side of the p18tee and 
we are  vi ta l ly  interelted. I was wonderring if we c o u l d  mat weld 
those aucco~sfully?~ 

, Prof r Hooe comnented: 
"We ape developing spot welding of armor t o  the back Pam, 

4 @pot welding of etru~turd etoel t o  the .b& OsCo, an4 d & o  8, 

spat w e l d i q  of wfnor t o  u m r  - both f ace-hardmod and homo- 
gmeous - but we did nfit realize tbers was interest in attachnent 
t o  the hamloned face, f dnn't believe that there is any df f f  lcul- 
ty whate~er, We cculd work those conditions out very r8srliS1y1" 

Major Mcfnnse r q n s t s d  on activit ies o f  tho Aimraft Fabricators' Group: 
"In the airaret phase of it, it i n  r S i t t l o  bit different, 

ae far as specification handling is concoraod, than m o t  of the 
nther ones brnught up tow, in tho fact that there are approxfd 
matuly four bvornment agencies interestan in aw work, and in a 
good many cases they are direct ly  dfocted; wheraaa most nf the 
other Onformation gofng on t o b y  comes directly in oontfict with 
the Ordmnco Departnent dono .  &I that bxkngs q p  n d a i t i o w  pro%- 
lema, especf a l l y  on the paper work end, and Herybody g e t s  blmed 
for  the elow WpeP work. kt thsre is m r e  canrdimtfan necessaryl 

"The spactificationq diecussled pravlously in regad t o  the 
arc weldiw of face-hadone4 maor plate and reoistan'ce weldiw, 
and a l s o  in riferenco t o  homogenenus platu, is of interest t o  the 
afrcrwft paople, eapocially whora it deals with thin seations down 
in the noighborhuod of 3/&11 which is ono of the most cooPbn thick- 
nessosr The attachnent cllps, etc,, by the  &tlethnrl of resfstance nr 
by the method of me welding is at preesnt of p r i m  iqartfbncem 



Butt welding f a  of m 3 a o ~  impoxtanoa, On the uopditfons of  the 
t e a t  plate in that reapeat, it wan Pelt t b t  the H t e s t  plate 
would not represent any anticipated design in aimraft stme- 
t w e ~  With ~ e g a d  t o  the butt weld, there mey be a change on 
that, bat a s  of yelsf ex- it  was f e l t  that a atmighh seam or 
butt weld for bock t e s t  would take care of any ~oDdit ion6 they 
can anticipate. In re-d t o  the allpr, fn'the preliminary spaai- 
ficstions on resistance welding we recommehded ia t4cl~1sss of 
approximately onehalf of the plate thickners, but due to the 
fact that tho etructufe upon which thoso clips aro joined a r e  
generally considersrbly lame than that, i t  mnkes the problem v e y  
diff i c a t .  

'In addition to check on shock t o s t ,  tho  armor plate apecif ia-  
tfans are now in the state that the Air rorcee h v e  a 8pecif icat~on 
speclfioally for their needs on homogeneous plate, There is another 
one on its way for Pace-hardonedl and in view of these conditions, 
the shock t e s t  i sbrsekhg away fmmpreviaua established ahock 
tsets. 1s fbctp t h q  are gbfng t o  20 mm. and 37 rma in the dhoCk 
teat.. L h l ~ o ,  regarang tests  on thin d i p  mataid, the t e s t s  a r e  
t o  be made tb determine tensile requirenen'tr a f  the c l i p  m~terial. 
f t is deeired that tho toneiPe properf lea af the weld be given fn 
trrma of the thickaere of c l ip  rmate~fd rather than tho thickness 
of amor plater Really, t b t  is the way msf pmp1.s expect t o  uero 
i t  in tho design work, and those figurea o m  be used for the basis 
of dosign as well as far the baeis of tho t es ts  of the weld. That 
is both for arc welding and POP resistance weldfng whero it hppltss 
Lo aircr&, and that seemar t o  be Xn qgreernont t o  w h a t  was previous- 
ly mentioned. " 

Mr. Mikh3&pov discussed the NRC Reasnrch and kelopment  attivitioa: 
"Probably the phase of o w  work of grentnst interest to you 

is the ferrftic welding of mmor plats, In oonnection w i t h  th ie  ' 

problom, I muld l i k e  t o  state now tb.t we M e  been very fortun- 
ate in ~eeuring the full-timc eervices of Mr. Huberstone, former& 
4 of  the Arcruder Corporation, t o  give his whole timo t o  this 
problem, Before proceeding to give you the dets i le  of our inves- - 
tigatloam I think it would  be well t o  try and crystallize in o u r  
mind w h a t  it is that we m a  tq ing  t o  da in this  partiaular re- 
searah. Briofly, the so*Called ferrltic welding.nf armor reaolvos 
itself i n t o  two problem whfch could be.dofihsd as fallows-: Pro+ 
l%m NO. 1 - To dmelop a. prabtical production welding procedure 
and technique which w i i l  permit elimination, or at loas t redwctiaa 
of the  e trategic materiale now required fnr welding mmor plata. 
In other worda, what o m  we do t o  dubstitute f rlr the 1818 electrodse 
YOU are nov using, something which w i l l  ant have the strategic 
Im&terfals, and yet w i l l  not 8eriousZy af fect  o u r  production methodst 

'The seoond problem f s t o  develop practica production wteldlqg 
prouedure techniques rs~ulting in ploto welded jodnts possessing 
ahock resistsllca owsrior t o  the welded joint  now being nanufacturod, 
and if possible, equal or superior t o  that nf the prime a m o r  plfita. 
Before dweloping aqy improtred method, probably the beat way of 
te l l ing  how to ga about i t  is t o  find w k t  ie the source of  werq,kaaas 



- --- * in the proeees vhich.wa axe attempting t o  improve. or  in the  
process which we me subatitutiqg for it, AB you know, for this 
reason we have been busily cutting -up b a l l i s t i c  plates, s h o e  
plates - good and bad - a  and looking at them through miaroscopee, 
apectroecopee and everything you can think of, &ling them apart 
alo'wly, rapidly, bending them', tw is t ing  them, doing just about . 
everything you can think of t o  see why it is  that some pls tes  are 
good and others are not good. To date t h e r e  seeme t o  be no rela- 
t i o n  betwoen properties of thi  Joint,' such as hardnems, and t o  R 

certain ~ x t o n t ,  t ens i l e  strength and the shock performance. There 
is some evidonco of  relationship betwoen tho combined duct i l i ty  
and t m s i l e  strongth of the veld metal, and the psrformanco of tho 
plate, provided tho unkn6wn factor, 'XI, whiah has boon bothering 
us, i s  romoved, T h a t  is,  if yoh hhd a stress-relieved plate, then 
it would eeom that s very high t e n s i l o  wold metal with a slight 
ductility w i l l  be good, but a very high ducti l i ty  metal with 8 

fairly medium tensi le  is good also.  However, a mhdium ductility 
metp.1 with low tensile etrewth ia no good, 

nI think by now we have enough t e a t s  of all kinds t o  prove 
that tho unknown factor 'X1 to which I refer, nnd which appears 
t o  confuse all  comparieons, is tho combined locked-up stresses o f  
certain magnitude in tho weld because when we can rolieva those 
OF at 1 0 a ~ t  minimige thoeo stresses, we have no trouble in having; 
A good b s l l i s t i c  joint. I t  looks as if we w i l l  vary def initaly 
h v o  t o  forgot the idea of over welding-a~mor plate or any other 
d l o y  s-teol of  approximately the same camposi t f on, with o thor 
alactrodea than nuatenitic, without prehaat. 17emi6us reports 
have roached us about the fact t-hat so ~ n d  SO ~ A V Q  welded a plate 
without ptohent, without crackiiq, ht when tracked dawn, i t  d- 
wws ~ R B  boi led dawn to  tho faet that they did not consider the 
heating producod by welding as a proheat, They started as cold 
plate and then warnod up, crack3ly until the plate warmed up t o  
200 or more degroes, when they proceeded e.11 right, b, when you 
go to a joint which is super9or to aus teni t ic  olactrodes, we are 
confronted with what looks l ike a definite necessity t o  heat front 
tho wold metal in the joint. In other words, the use of tho highest 
strongth olactrodes p r o b ~ b l y  induaos stresses of mgnitudo which 
cannot %a rsllevod withnut a thermal streas treatment which w i l l  
sariousLy aff o c t  Bhe b~llistic properties, that i a ,  the b d l i ~ t i c  
penetmf ion properties of the plater Therof are, it nppeare that at 
the proaont time wo w i l l  be forced t o  seek sama immediate practicLd 
applichtion or attempt t o  develop a matbd wherein assembly ar sub- 
~ssombly w i l l  bo welded with a high tensi3o rnd prior to tho plate 
being heat trarrted, with tho completed subassembly then herat treated. 
This is not an easy job. We have bson worktng i n  tho pest two or  
three waoles i n  preparing R conprehensive report n f  all work which 
hns been dono by N, R, C., or of which R. C; is  cngnizmt-, to  sub- 
m i t  to you people so t h t  you know oxactly tho st rv tus  t n  date. 

"We have also been working on these oxplosivo tes te  about - 
which you havo hanrd at tho l a s t  meeting, Bridfly, the explasivo 
test looks proniaing, particulnrly for  tosting welding oleotrodea. 



!!smmmB ' U w , q p * * h  

There m e  some quastions as t o  whether that t e a t  will ever give 
you the whaJe story  hnwwor, beoauae i t  epn only toll, sn it seems 
now, h o ~  good tho weld joint is when there arcs no lacked-zrp stresses, 
eince m y  sfae specimen which can bo handled on R lnbnratory maale 
will probably not have sufficiently large locked-up stroesee. Rnw- 
-or, we havo tes ted  'by this  means a nunbor o f  joints  nr sections 
of jo inta  2" wide, made with difforont typos nf olectroitns and 
have been able to grade those aloctrodos in appraximately tho sme 
order a a  with the Wlistic  ahock t e s t  of the H platos. T h a t  is 
snmethfng which no have not  been able to do by any o t h e r  tee+. 
Thoro aro some refinenonts to bo m, particularly in determining 
exactly how nuch better one wold is thm the athor boaauso rct  the 
present wo expresa the rolatioe merits af the weld in tho mount 
of. explosive necearsary to  effect a complete break. That i s  snme- 
tfmos misleading becauso twice the amount of e p l o s i v e  does not  
moan twice the energy b e  boon appliad t o  the weld, eincs by in- 
creasing the charge the offect of the Pncremont becomes smallef 
and smallor ner tho number nf increnonts increases. 

"We hElpo a vary interesting dovelopmant which is coming t o  
a head very soon, I bolieve, in differentially quenched carbon- 
mngrtnese nrmor plste, 112' and thinner. It looks ns if we will 
have an m n r  which, a l thou& not quite n a  good ha fnce-harflonod, 
is s l i ~ & t l y  better thnn hard homogonoous, in addition t o  which wo 
w i l l  h v o  an arnor which can be readily wolrled w l t h  forritic 
electrode, with the resultant wola nr j o i n t  being in nll ree~eota  
equal to  tho p e e n t  plate. 

"The s p o t  welding lqas bean gono i n t o  by Mr. Cnopcr t n  some 
extent. Profeesor Hesa and his a o l l q g u e s  ham dona some excol- 
lait work with 1/4 a d  1/2" nllay steel and 114 and 1/2" Pace- 
hardened armr. Their work has beon dirocted chiefly towards 
shortenfng the time necessRty t o  m k e  thc wold. Wo understand 
and we r ea l i ze  that in order t o  competc with arc welding, the pro- 
cess must be fast. I would not say 'cornpato' with arc welding, 
but hecauso the process is slow compared with spot welrltng and in 
ordor t o  make the  bast showing, the process mst bo RS fast as 
possible, m d  the heat treating requires sono tine which i n  n o P  
nal spot welding practice at first appears excessive. At the 
present, we are busy cnmparing tha i q a a t  t e s t  with the performace 
of  b ,a l l i s t ic  plates, s o  we hnve protty close er3rroltation, or w i l l  
bhvo eventually. Wa aro goiry: to a t M y  the b r a  hnmojion~ous 
plate as soon as wa csm get  hold of sono, 140 have not dono mch 
work on face-hardened fimar. We had groat difficulties ns far as 
arc welding face-hardened armr Se concerned. We had sane *Af* 
f ioul ty  in getting that armor bocrause thc compnsitions were c h a w  
ing, We have now f i d l y  obtafaod some of it hnd &ck Island Arc 
senal is working on it." 

Col. ZarnOg referred t o  an actinn su&ipstod at the- laat neetiwr 
'At the last meeting of this Subcornnittee, we spoke about 

making arrangements t o  get liaison h t w b c n  the committee for 
Welding nf Arqor aad the Armor bnufacturorsl Cornnittoo, A t  this  
time I appointed 8 Group r f  this committoe t o  act ~s l ia iaan with 



• the armor groups, and I also appointed s group in tha Armor 
Subcommittee t o  ac t  as l infsof i  with the Welding Stlbcommfttee, 
&c kymo was nmde Chafrman of the Liaison Group from this 
Subcommittee, md I will ask him t o  s t a t e  w h a t  has been done." 

Mr. Q v m o  reported f o r  the Armor Liafeoa Group: 
"At the time of our lam t meeting in Detroit, you rill recall 

that there w a a  coneide~able dimcussion as regards the quality of 
Wmor plate that was being delivered to all of the man&acturers, 
and which appeared t o  be the butt of our manufacturing dif f icul t ies ,  
This had t o  do with the physicd conditlon of the plate, straight- 
ness, sizing, edge preparation, subsequent weldability as may b v e  
been effected by the method of proceseing the amor. In aTder t o  
try and aee w h a t  could be done in the way of developing staadaxdiea- 
t i o n  of  armor making processes, and to minimize the d i f f i c u l t i e s  
that were affecting pr~duction of vehicles, these Oroups, named 
by Colonel Zornig, met in Watertown, canrststing of 7 members rep- 
resenting plate manuf~cturers, five members representing users 
of the plate, one representative of welding electrodes, and eeven 
of the service representatives. Considerable discussion was gfven 
to the weldability of armor plate Pffected by current composi- 
t i o n s  and as l ike ly  to be affected 'by praapective compoaitiona. 
A t  the present time our ~rmors fall i n t o  three basic classifica- 
tions, namely, manganese-nickel-chromf urn-molybdenum ty-pe, the 
nanganese-molybdenum type, and the mangnnesesllicon-chromfum- 
molybdenum type. I rn personally of tho opinion that the whole 
trend will eventually come t o  the manganese-molybdenum type of 
armor4 Two of the basic reaaons given for difference in charac- 
teristics of armr appear to be a~eociated with the  heat treating 
of the armor thnG 2 8  required t o  produce the ballistic properties, 
namely, quenching facilities, 8.d it was developed tht at the 
present time s p ~ a y  quenching equipment is not universally evailable, 
The problem of scrap availability as it now affects the chemistry 
is another item, but with the lessening of the a;vail&bili@ of our 
al loys ,  evetything certainly seems t o  indicate to me that the trend 
i s  toward one chemistry of armor. How goon that is going t o  be is 
rather hard t o  predict at  the present time. 

* 

"hother subject thet perhaps meant the most to us, and which 
subsequently has placed the Ordnance Department in a very d i f f i c u l t  
p o s i t i o n ,  or 1'13 say 'unfair' p o s i t i o n ,  had t o  do w i t h  the repair 
of armor plate. At the time the subject waB brought up there were 
only two kinds of repair given any consideration whatsoever, that 
is, mecknfca3 defects resulting from the flame cutting'of the 
plate for one. Now there are but two t:ypes of defects that are 
common there; one is the wrong sizing of  the plate,  that i s  t o  say, 
if the p late  has been cut 114" or 1/2" short, i s  it permissible t o  
build up that edge with weld metal? All of us are doing it. We 
have done i t  since the ~ B J  wa started t o  build t&s, even by the 
r ive t ing  process. If the weldirg ie satisfactory for making the 
j o i n t s ,  I see no reason why it i s n ' t  satisfwctory for correctfpg 
some dimensional def icienciea. Tho same holds f o r  the gougffig of 
p l ~ t e s  resulting from gas cutting, which, if  not corrected, as you 



- 
know.gives a bmutfful pocket that is likely to be filled with 
slag at tho time of your welding, Furthornnre, thssa gougillgs 
are invariably covorsd with A heavy coating 09 oxide in there, 
resulting f r o m  your flame cutting that has not been rmovod by 
any subssguent alenning of the armor. I see nothing wrong with 
the removing of that oxide by grindew or with a l i t t l e  r e a l f q  
hammer, and f i l l l n g  tho gouge up with the same typo a0 filler 
metal t h t  you w e  making the joint with. %'hose were the o n l y  
kinds of rapairs that were given m y  consideratinn wht8nwex .  
Only complimentary mention was made of correating plates having 
defects commonly ref errod to as famfaatiom, segegatiods, dirt ,  
or inclusions, or Any other polite or impolite tern you want t o  
fdentif'y the condition by, I don1 t think this  oomf tteo at any 
time will reeomnd the attempted aalvage or  r e p i r  of  plate t h t  
is lfkely t o  be found ball ist ic&.l ly  deficient aa a ~ s s z i l t  of such 
inherent inperfootions i f i  tho quality of tho plate. Appm~nGly, 
o u r  recognition of the repair of tho first m o  of dofoot was 
seized upon by soma as the @-.Ahead 8igh. l  on salvagillg all 
plate, and X simply wanted t o  aqlmsiee that particvlar paint, 
because I do belime this, that tho Tw&dutontrtivo Cantor hag 
been placed in an unfair posi t idn with respect t o  givirg per- 
miasion t o  B U C ~  praaticebJ. 

was brnwht out oarl&or in the Clay here that aince 
the last meting, in all tha Districts tharo ha8 arisen R de- 
fact conaciousnesa, parhapa detximontal 5n some inattmces by 
virtue of bofng t o o  conscinus about tho inep~ct ioa ,  but f think 
it has hnd a vory e tinulatfng offect i n  ~ e n s r a l  and I w a n t  t o  
tell tho users of the plate that I honertly think that we stand 
to get consid~mbly bettar plate in the future, I' 

These remarka about future prospects stirred Mr. B. 3. Gnfth to comment 
rathor c~ustically : 

'That  is beautiful, but w h a t  a re  you eotw t o  Ra with th i s  
m i l l i n n  pounds of plate that happen8 t o  t e  In one manufactwerls 
hands right now, that he is moving h v e n  aqd earth and tho Ord- 
nance hprartnent too,  t o  f i n d  some wrry to cran i t  down peoplet s 
thrnatsl M r h  Chairman, I: sat hero tow and liatened t o  as beau- 
tiful a mesa o f  bunk es 1 have l istened t o  i n  a1 the tine I have 
came t o  these meetings* We h v o  h m d  evefy3efly talk in t e m s  
of sweetness and nobody h a  raised any particular contrrlverrsial 
issua. We have sat hero l i k o  a bunah of bumpa on s  lo^ and taken 
i t  a l l  in* I t  f a  fine! f t  is wondorfull With qr apologies t o  
tho gentlemen who have t r i e d  t o  keep this thing in that spirit, 
but I cannot conscientiausly a i t  hora atid wree with all that some- 
how. IVo know among \us that them are people in this room who have 
kmd trouble - I mean big trouble. We have men in this rnnm who 
have baclqards ful l  qf tanka that God only knowa what they are go- 
ing t o  do with, unless the brdmncs Department can talk thorn into 
selling thorn for training purposes. We also knnw tkt  thore are 
people in this room who hava got armor plate that cams into their 
plant, and they do not know w h a t  t o  do with it. They get n couple 
o f  dozen plates,  when and i f ,  and after they have waited e long 



time far it they try t o  tae3re it weld a d  it won't weld. They 
get armor plate that is oateneibly according t o  a uesrtafn for- 
m a ,  and they weld= it, I t welds beautifully. They get it o u t  
on the Job, and it falla apart. We a l s o  have some armor plate 
that I am just a littltl more familiar with, perhaps, than some 
of the res t  of you. The chemistry is beautiful on it, the pwsf- 

properties apparently a r e  fine, being according t o  the primary 
plate t e s t s  that we run ballistically, A nice exmple of craters 
on the sl?ock t es t ,  ro-called; a mtter of throwing a burst of 
Pfre out of a machine gun end call  tht,  with a piece of face- 
hardened armor, a shock test ,  Then when we weld that plate and 
we subject that plate t o  the ballistic t es ta ,  according t o  speci- 
fications, for shock, if you please, w h a t  happens? You can1 t 
shock t e s t  the weld because the plate falls apart. 

"I nm not talking about 1 plate, 2, or 7, or 5. 1 am ta lkins  
about dozens of plate that we welded. I am talking about a con- 
d f t ian  that we all know exists,  Why kid ourselves about it? Wby 
not  oome out here and say what you think? Let '  a ' Cut out this  thing 
of hiding your head in the sand. We would then know w h a t  can be 
done in the future certainly. Let's quit kidding ourselves about 
the future. fZ you can't use the stuff that is on the dock now, 
why worry about  w h a t  the future brings? Lot1@ qui t  kidding our- 
selves about the conecientfous effort8 that are being mde. What 
are we doing about what we have now? X would l ike  t o  hear some- 
body answer that." 

Lt. Reed commented on the armor development situation: 
"Z  don't think Mr. Smith is quite fair, al though I do not 

say that all of his points are not well taken. You gentlemen 
know that two year8 ago - two and a half years ago - you had t o  
d m o e t  k i l l  your brother t o  get enough money t o  do anythf ng. The 
Government, Congress, the people were not incltned t o  spend money 
on things that a good many of the people here knew were necessary 
on research work that somebody else was doing, and we did not have 
the money t o  do it, We had the time to do it, but not the money. 
We hstd 3,000 miles of water on one side, and God knows how many 
thousadds oil t h e  other, that were going t o  keep us free, and we 
were going to be the o n l y  democracy left. Then we g o t  drawn in- 
t o  a war, nnd we were t o l d  we were going t o  have a program, so 
h i t  and go t o  it! ?Ve didnl t lmve the facilities, We fought l ike  
the devi l  t o  get f a c i l i t i e s ,  We went here and there and asked 
for thf s or t h t  item, nnd so on, throughout the country, until 
we built up w h a t  we thought was gofng t o  h i t  w h a t  we thought was 
a program, something so big. Unfortunately, at the time we did 
that, we did not have f i v e  or ten or twenty yearst  good background 
on which to go ahead, The willing ones stepped forward and said 
they would give it. The rest e i  thar might have given or would 
rather see someone else W e  the efforts first and then come in l  
And due t o  the unprepared situation, we have run into millions 
and m i l l i o n s  of things, some of which vrere similar t o  Mr. Smith's 
troubles. Now this matter of the  f ive  rounds for shock t e s t  on 
face-hardened plate. I have been aware of that for a l ong  time. 
Ae a matter of fact, I think I made qrself a little unpopular at 



the lest Amgr-Havy specification meeting by asking that that 
bs thrown out, It had already been proved on other s~ec i f i ca -  
tions. We know that the shock teat  is bad, but during the 
last  s i x  months we haven't had the time or materials t o  d e v e l o ~  
a proper shock t e s t .  I know t h a t  a Plan is ~itting in the back 
there, calling me some s o r t  o f  a eo-and-so, because I t e s t e d  
virgln plate with one thing, and M a j o r  Coombe and Lieutenant 
kndp.11 came along and thrmr the kitchen  ink at it, and it 
fai led,  and he safd, ' m y  do you do this t o  welded plate, and you 
do this t o  virgin plate?' It takes time, equipment and material 
t o  coordinate a13 th i s  stuff. 'Pe are working on it, maybe not  
quite as fast as WB can, but our rat8 of progress is increaeiw. 
This matter of cracks, this  matter of n, a i l l i o n  pounds of a late 
tha t  is b i n g  shoved down someone's throat, this matter of r e p ~ i r  
welding, I can remember the h y  when certain manufacturers, if 
they could have gotten m i l l  s teel  nlate yould have put i t  in to  
tanks, ~ u s t  t o  get  the tanks out. T h a t  was the ~ttitude of in- 
dustry. We wanted quantity. 

"As k j o r  Coombs said th i s  morning, we are going t o  go short 
on quantity and hit hard on quality. Supposing taday 148 decide 
we are going to hit for q w l i t y ;  we have got  a l o t  o f  stuff i n  
float. We have material for, say, 5.000 vehicles in f l o a t ,  and 
we decide we e r e  going to make 2,000 vehicles. It t ~ k e s  time 
to  work thzt out of our  system. Some peon18 have it in t h e i r  ~ y s -  
tem, and it doesn' t l o o k  as though I t  is going to be worked out; 
but I challenge the vehf c l e  mn,nufacturers for  not bringing tbeir 
aomplaints t o  the r igh t  focus, i p  the right spot.  1 ehnlleage 
them for using material tha t  they knew was questiomble when they 
had t o  have 1 t,, 'By God, t o  get vehf cles out, ' and I wait for my 
challenge t o  be anewered, 

Mr. Smith replied: 
'1 will be glad t o  answer t b , t .  I can only speak for one 

organization, of caurse, the Herrington Company. Our aroblem 
has not been and, unfortunately, i s  not even yet a m t t s r  o f  
aroduction, 1.t has been from the very beginning, and th i s  I am 
sure will be backed up by the men with whom we have worked, I t  
hc.s been a mt-ter of quality f rom the vary beginning. Our ar- 
gument with the Specifications Committee i s  not one of  trying 
to  get waivers to do the thing simple or easier for us. I t  has 
been one of insistence uaon higher standards, Our argument tdth 
the s tee l  m~nuf~cturers has not been one of wanting t o  get  W .  
Our nrgument i s  d iametr i ca l ly  opposite to  that. We are absolute-  
ly ornosed t o  a waiver which they may get, forcing us to use steel 
which we can weld, we h&ve.wronen that, 'but which in our knotrledge 
is not good material f r om an armor plate standpoint and the bal- 
listic integrity phases of it. We are in no wqy allied with any- 
body who is endeavoring to do a high apeed job o f  getting R l o t  
of production out, in order t o  get a l o t  of dol lars  in.  We k v e  
spent mny, many, many dol lars  In trying to make sure that the 
product t h t  comes a f f  the Marmon-Herrington production l i n e  i s  
i n  keepfng with the reputation that we have tr ied to build, It 
might be interesting to some of you to know the Marmon-Herrington 



• Covany was building t s r k o ,  not laat year or the reax before, 
but six or eight year#, Our v ehiclee b ~ e  been in actual ser- 
V i c e  long before any of those nade by other fabricators in thia 
room were in actual eervioe, We h o w  what we want and what we 
haye to have in order t o  meet thoae eemice requirementsr We 
can  how you records o n  the performance of vehicles in all thea- 
tres of this wax, long bdfore Pearl Harbor, 80 it is hardly In 
keeping with Ohat kihd of badcground that we would be asking for 
anything less than the beet, 1% are asking not for waivere, gen- 
tlemen, to get by. We are asking f o r  aeaislt&nce from whero we 
thought we could get it, in seeing that the mterial tha t  wa work 
with and the specifications we work t o ,  are s t rong enough and 
good enough to  do the job we kaow hr?o t o  ba done." 

Lt. b e d  continued: 
"This i s  the first time that I have h a  tl-e comrnunic~tion 

' 

directly from kmon-Herrington, that kmon-Herrington was hv- 
ing a l o t  of trouble. I did not kaow how bad tho s i tuation was 
there. f sm pret ty well  acquainted w i t h  the tanks in the back- 
yard, nnd f am pretty wol l  acquainted with the armor plate th.t is 
i n  the baclprhrd here and thore throughout tho country. 1 do hot 
know of any -Wac tu ror  who is not pushing or hns not been push- 
ing to got quantity out ox who waa not pushed by us t o  get  tho 
quantity out. When Mr. Rnpm says that the Ordnance Pep~rtment is 
in an unfair position, he is not far from wrong, not that I w a n t  t o  
&a a l i b i s ,  but when strangers aro forcad t o  talk in a 1-e 
they never knew and almos t do n o t  under~ltnnd at the preseht timo, 
you cm.not expect them to  sp~r. much, and t h ~ t  is what we hoo in 
some of our armor organizations. We have strmgera in rs f i e l d  
being pushed t o  talk a language that they never knew before and 
in which they haven't had very good teaching, 

"Now 1 s t i l l  say that thore 1ur.s n day when we would take 
anything and put i t  in n vahicla. X still say thnt the time hae 
chnngcjd when we need t o  do that, We have been to ld  t ha t  wo are 
no l ongar  at the point  wharo wo must produce, God knaws, I hnvo 
granted mill ions of waivass an armor plato ,  not becmso I thought 
I was right, but bocauso productioa had t o  ba kept upr There wae 
n lweys  n group of mon going some place, or a boat going some place 
thnt had, t o  ba loaded, and I think, as a group right hers, if we 
talk with ono another and with the Ordnanue Department about our 
troublas, bring them out in the open and not circulate them be- 
hind closed doors, we w i l l  bring o u r  prosont problem8 up to the 
quality, r;q? t o  tho l e v a 1  we all wrrnt. The Ordnwce Department 
wants  quality and I think a l l  of tho industries .want it. 

I'Regarding this buain6ss of repair welding, because of s w  
face def octs or dimensional deficiencies or checks and cracks, and 
t h i x s  l ike  that, tho minutes of the last meeting indicated that 
one g f o q  in particular had boon choeen ns the guinea pig, mybo 
rightly so, for comment rggarding dcfecta in armor plate that had 
been doliverod, Tho practices being used by t h ~ ~ t  company were no t  
what thay knew wore the best  prbctices, but it was about the boat  
job thoy could do wf th the equipment thoy had. Taka B i l l  Bosse 



for emamplo. He w o u l d  bo gxs welding amor plats if he didn' t 
have electric equipment. But w h a t  1 sn t ly ing  t o  paint out f a  
t b t  you wou ld  be doing ths bast  you could wtth w h a t  you had, 
That is jut  w h a t  t h e  people have done. They have hhd priorities 
that were AA-3 and AA-2. Dalivcries of evelytbing el80 cnme be- 
fore dolivorics of some of the armor m~nufncturere. All our sprw 
quenchors have been cut o f f  now. Thnt is ono thiw we hhve been 
fighting for, lqe sit here m d  g l i b l y  knack down d l o y  in one 
meeting, and thon at another mooting have to stand ~q and t e l l  
you that dolivery of spray quenchor9 has boon stappedb Wo c o p  
eider them ono of the No, 1 necossltios for our armor plnto, so 
you aro goiw to be gettiw plato that  is dunked in some spots 
m d  spr~;cd in other spots, The delivery of preheating equipment 
for flame cutting has bean stopped. Tho companies have tdcen 
the m t ~ r f ~ 1 ~  the equipment on hand, and hnve tried to do the 
best job thay know how. In sorm cases they didn't know howl And 
people t r i ed  t o  go in and show them w h a t  waa right. 1 h v e  seen 
a remarkable improvonont in the work done by people who could not 
ga out t o  an opon nuirkat ,and buy everything they neoded t o  do the 
job right in the beginaing, piece by p"iee, at time i n t e n d s  that 
would  drive nost of us crazy. I think that right now the question- 
able materid thw night have turned out i s  down them i n  Africn 
and placae a11 around, taking a bating along with tho caod stuff. 
T h a t  is one thing that we shouJ.d tomper all nf our critiafem by - 
the fact that certain compnnies, and I think all o o x p ~ ~ l i e s ,  did not 
have tho equipment they ncedod t o  do tho job right. Neverthe- 
lose ,  they went ahead and etuck t he i r  necks out to ddn it. It nay 
hme been the dollar sign; it m p  have been patriotism; but f 
etill think tkt B f l l  Boese would be using gas welding, a d  Mr. 
B i e d e ~ n ,  too, if thcg didn't .have the electric welding equip 
nentr 1 can remember when they used t o  be welding H platoa. Thc3g. 
used t o  bo on the phone all tho t i n e  asking, 'How is this produc- 
tion going? t 

Mr. Biedorman interposed: 
"The maqufacturer is on ly  one pnrt o f  th is  wholo program. 

We ~ x o  j u s t  a l i t t l e  unit n f  it, trying t o  cnoperate., Bow we 
run all of o u r  t e s t a  ~ n d  we are sure of w h a t  we want and how we 
want it. IVe cannot build in to  our vohicle a better grade n f  a r  
nor plate when we do n n t  rece'ive tha t  better grade of arnw plate 
into our plant. There is  no methad or any machinery t h t  we can 
have t o  build up the ballistics of that plate after i t  reaches our  
plant. The trouble wo hnve has been nainly because t h w  armor people 
maybe did not hnve the necessary equipment. As 1 understand i t ,  
thore are specifications which should preve,nt that that plete be 
i n  anftbody's plant if i t  isn't  good. The tank manufncturer starts 
where the other fellow mde, and if there i a  a waiver put t h o u g h  
t o  let the first man cut down on the quality, that quality is j u s t  
p i n g  t o  be the same on the finished t d  because nobody af ter  that 
first man can do that man's job. The vehicle then is 1acking in 
quality, only due tn the fact that somebody made a rnistdre and 
sosebody else aado a vely big mistake by waiversan 



It. Reed continued: 
"I f dot negate the existence of waivere. They started 

long before I g o t  in Washfq$oa axid have continued since. I 
can remember when we had boats somewhere around New York that 
were waiting for vehicle8 that had not been started, and the pro- 
duction group was to ld  that those boats had to  be loaded with a 
vehicle of a certain type, and the manufacturer went to  work on 
that certain type of vehicle, and we dida1 t have ballistically 
approved armor, Well, I think the design was changed to  the 
effect that we could use l o w  d l o y ,  high t e n ~ i l e ,  f o r  part of 
the plate on that vohiclo. So, we went'ahead and by hook or 
by crook, all the armor on that vehicle finally d i d  g e t  bal- 
listi~ally approved, and those parts thnt we could not h v e  bal- 
l i s t i c d l y  approved vent ahead as low alloy, high teneile. kt 
I d o n ' t  think you gentlemen hero have been ful ly  acquainted wkth 
tho urgency of some of our production. Right now we will  so^' thnt 
last week i t  looked as though wo woro on easy street. I dont t 
think that we are s t i l l  so sure that we ara on easy street r igh t  
now. There a r e  a lot of rumora about or I heard a lot of rumors 
that somebody was swing the war m e  going t o  bo over in throe 
months. I w i l l  wager the people swing that n week ago have 
changed the i r  minds right now. b - t  we are going t o  strive for 
from now on to the and of tho war is to keep waivere at a minimum 
t o  got as much sound materid t o  Fisher, etc., so that Fisher's 
tank won't bo judged by the quality of the material in i t  - that he 
hnd nothing t o  do with, No one would hold Fisher responsible for 
tho quality of the armor ib the vehicle. f don't think anyono of 
us $8 sufficiently unroasomblo to presuppoeo t hn t  the shipmont 
of armor to  Fishar Tank Plant ,and f ts storage there for  a certain 
period of tima would give Mr. Biadermm an opportunity t o  chxngo 
his quality. f am suro th t  with each vohicls produced, tho armor 
w i l l  be judged by the armor manufacturer, and the fabrication of 
that vehicle a d  I t s  oporntion w i l l  bo judged by the properly 
reaponsfble person or people. And that  holds not only f o r  Pishor, 
but Marmon-Herri,agton and Baldwin, etc.  11 

Mr. Smith explained: . 
be a l i t t l e  more specific, you woro not  informed porson- 

ally, but others in the Department wera informed, forcibly, and 
have been informod the very minute we discoverad this very d i p  
f iculty.  I would say th~..t thoro have boon somo vary competent 
mon from both industry and from tho Osclmnco Department, very 
deeply ongroaaed in this problem. We have worked c.s closely and 
aa co-opsrativaly a$ we kaaw how with everybody th~t had a~gfthing 
t o  pffor in solvilng some of them problems. Not only that, but 
at the invitat ion of a duly constituted body, we attended a meet- 
ing  at MiddL~town, Ohio, and at that mooting no punchea were pulled. 
%erybody wm extremely honest, and the wraps wore off, We told 
o u r  story, andbel ievo  no, w e  have no possible axe t o  grind, e r  

a cept that wo i n ~ i s t  that wo w i l l  n o t  use material which is not 
satisfactory ballistidally. I think that t-hat is pmallel  exactly 



3ith the Ordnance &partmantt  a i n t e n t i o n e  and purposeel We have 
not entered t h i e  thing with the spirit of antagonism in any sense 
of the word* 9he minute that material was available for us t o  
make t e s t s  on it, we mde t e s t s  and we are continuing t o  make 
tests, pox anybody interested enough t o  come down and see what 
o u r  problems are, we w i l l  repeat these tes ts ,  As a reau l t  o f  t h i s  
meeting, or at this meeting I should any, it was agreed that the 
findings of - the  obmmittee at t h i e  meeting would be turned over to  
all of thoso present nt the rneetiilg, s o  thnt fu r the r  examination 
of our f indPnge might lead t o  some fur ther  r e sWtsn  Instoad o f  
receiving those findinge o f  tho meeting as tho minutes of tho moot- 
ing, they woro boi lad  down pad rointorpteted t o  somoboayls pnrt iculnr  
satisfaction pad distributed, n ~ d  tho i n t e n t  o f  t h i s  boiled-down 
version wne almost directly oppositc tho intent of tho rnecting i n  
thoir dotailod f i l lr l ing~r b t h c r  than that, a atatomnnt  was mdc 
by the p,nrty who is responsible f o r  distributing thoso maoting 
notce that thera vmuld not bo any dis t r ibu t ion  o f  the dctaf lod 
minutos, b c c w o  he felt i t  vras t o o  confidont ia l ,  thnt  tho in- 
f o r ~ a t i o n  containad therein 1,~s~ t o o  v d u a b l ~  and hnd too mny 
implicationer T h a t  ie tho s o r t  of thing thnt I hhventt any use 
for and tha t  is the specific instanco t h ~ t  f am rafer r ing  to*" 

Mr. -Abbot t remnrkcd: 
"I proaidod ns Chnirmnn at that moetitg, Calonol, ,-ad f think 

that at our meeting yostorday T mccdc kmvn t o  you tho fa-.cts thnt 
Mr. Smith i s  now bringing forth. 7h1,t Mr. Smith snys is cn t i ro ly  
trua 2nd 7-ccurnte, 1 W ~ S  s en t  a ds t a i l ed  roport o f  tho rninntcs 
of tho mccting brith n l o t t o s  t h t  thcy son t  for my confidcntizl 
f i l e  ?:pd instructod thnt 1 tune t o  kcep thosz minutos only boczusc 
thoy w o r ~  c o n s f d c r e d  too conf idont i f l  t o  distribute nmong thosc 
prosont  at t he  meeting. The Fn~c- .~-rdcned F?.bricntors4 Group was 
thc  one that was most v i t a l l y  i a t c r o s t a d  ct t h ~ t  meeting. 1 zs- 
surod tho momberx thnt thoso minutes woro not confidential or 
rca t r ic tcd  as f,w as thcy worc concornod, that copii38 would bo mado 
of  thosc minutss and diatribv.tod t o  thorn, t o  which thw wore en7 
t i t l o d .  I think I would s a y  that t h ~ t  wae just a misjudgn~ort or, 
rn thcr  I would s , ~ ,  . lack of Judgmcnt on one individual ' s part, 
and it wns c lcnr ly  against the  spir i t  of tho mootingr In thcso 
meetings, 1 say now, t h ~ t  if I h v a  wything  t o  do with thoso 
rnoctings, dl tho nambors arc going to  hnvo as much a$ inform.t ion 
ns I got. I do not want it nislntorprotcd t h t  I an rospansiblc 
for thoso  ninutcs not boing distributed." 

Lt. Col* Enosl also comontod on tho p o i n t  brought up by Mr. Snith: 
"1 tms nt t h a t  meeting and I 3,lso roccivod the  nbbrovintcd 

minutos. Thcre was sono confusion i n  the minds of tho gontloncn 
who callod the neo ting as t o  just who should t & o  up what, 
sftor he h3d cloar ly  undasntood tkit thero was n.n advisory sub- 
connittea on r.relding thq-t hnd vnriaus units, ~ u c h  he  Mr. Abbott's 
unit, thon I t  bocnmo vcry cvidont t!lnt tho  tochnicnl  probloms in- 
volvod w r o  a propor f u n c t i o n  of Mr, Abbo tt 's commit t c o  and vorc 
t h o r o f o r o  r o f ~ r r o d  t o  himc I n  fc,frncss to  tho gontlonnn who 



prepare& the abstracted minutes, I should s a ~ t  that when the in- 
vitat ion went out, i t  was not known Just who was going to be 
needed and there were people there, anyone of whom probably it 
would n o t  W e  mattered mob If they staw the whole minut ear Thw 
heard the ar~uments, but i t  was probably not necessgsy t o  inform 
everybody in that room of a l l  the data i l s ,  and I think that was 
tho spirit in which this information was withheld, rather than 
any attempt to k e q  it t o  one individual. I want to congratulate 
Mr. Smith f o r  hia  f i n s  attitude all through this,  It is only fair 
t o  point out, howaver, that tho variables conbarned hero go clear 
back t o  the atml making pracoss. They involvo the making of the 
eteel, the rol l ing,  the heat treating, tho welding, 'Phis is mow 
tho f irst  attempts t o  weld f n c 6 ~ h r d ~ n e d  hxlrnor, in the pmtfcular 
designs ~t least ,  which aro going to ba used on this  vehiclo and, 
therefore, thore are new problemsl Tho steel  ae presented first 
from the mill was mda 'biy the bast knowlodge then ~vni lnble .  If 
it 1s n o t  w h t  is no~ded f o r  the future I t  can be corrected. Tho 
problam as 1 sea it is the ~alvago of oonsfderablo materid on h n d ,  
if i t  can be advagad. Nr. Smith, by implb~t ion,  hrss snfd that the 
Ordwtnca District has been co-operating fully, m d  I can aesuro you 
th?t it has. I persomlly spent al l  of Tbmkegiving Day m d  a lot 
of othcr ma on this problem and I expoct t o  oontinue, and others 
of our organizstion h v o  done tbt. 1'!e b.ve not tried t o  hide any- 
thing from the higher-up~, Thc Integrating Committee i s  thoroughly 
informed and i t  is a problem ,tg~]lt cannot be solyed overnight* There 
are t o s t s  in progrcss to-, I bblleve, that w i l l  throw mrc l i g h t  
on i t p  I think Marrnon-I%rria$%on, wante Lo solve their own problems, 
if they can, and they are getting d l  the help t h ~ t  can be given." 

Col. Frye commented: 
"0 ara forgetting that wo are learning this  business togother. 

Throe yeais y go the perhonnel in tho Ordnance Off f ce consis tad of 
somowhare around 300 o f f i ce f s ,  of which only  a e m d l  pmt knew a n y  
th ing about armor plate. T h a t  is, they knew something ~ b o u t  =mar 
plate back in the lush d a y s  when they could use al l  the nickel find 
chromium and dl tho alloys that they w,mted to ,  These hnvo been 
a p e n t  nany changes since then. A t  that time them were possibly 
two or three s t e e l  mills whiah had made armor plate in compwntivoly 
smdl qusntit ios* k t , ,  of the  tank fabriaators today  never dreamed 
of d i n g  a tank before, most of thorn havent t, We al l  had a devil  
of a lot t o  loarn.  But i t  161 typically h~ncrican tlmt whon woryr 
thing is going  ewoll, t o  e i t  around and grip0 abovt gverything* 
Howevor, I don't think: we w a n t  t o  l o e o  sight of the fact t h a t  we 
s t i l l  h ~ v a  a lot t o  l e a rn ,  dl of" US. 1 think Mr. addy made a 
remsiik hero awhilo ago t h a t  WBS quit0 pertinent. Ka didnf t cone 
up hero to l i c k  h i s  troubles, but ha comes up hsrz t o  g e t  an idea 
here and there and go back and use a b f t  of good old PLetericnn in- 
gonuity and l ick his own troubles. f th ink that is w h a t  this m o o t  
ing  i s  for, becauso every shop is diff o m n t  - dPff erent in personnel, 
equfpmoat, cmd nnnagoment. A l l  we can do is g e t  fin idea here and 
thoro find tL&e i t  brick nnd apply i t  to tho situation whiah exists 
in your own particular plant, We sso all t ry ing  t o  drive rrt nn idenl 



and th.% i$  pland did. We can't dnna the other fellow when ha &es 
a mistake, because the one thnt i s  doing the criticizing probably 

a 
t u n a  out as many errors in hi# o m  lfno of hctivfty. SP 1 ap- 
pre&iltta tho criticilan Which goes on, I think it is a healtby 
condition, but let's keep in the back of our m i n d  that we are 
learning toge tber. " 

Col. Zornig r-ked: 
"1 am not an srmr plate nulnufacturar. f don' t know anythf ng 

about i t  exoept whRt I have heard, but I have heard a lot of thle 
in the last year since I have had t o  s$t and l fs ten t o  dl of their 
diacuesion* h d  l aa t  I'ebruar~t they were called in, you fe l lows  were 
lucky you wef ont t, they were cal led in and t o l d  that the -8 of 
using alloys were f iniehed. From then'on, ~ n d  very quicMy, they 
would get down t o  the place where they would make m a r  plate with 
next t o  nothing. T h s t  was t o l d  t o  them by WEB, Then thq Ordnance 
I)erpertment got up and @atdl !Yea, an6 we worti t change tho apeci- 
ficatfaaa either,' Nnw you cannot  bring down ynur alloys R ~ B  have 
air hardening steels like y m  h v e  been making before. You have 
gnt t n  have gomething t o  queneh i t  in, and Just dunking it in a 
tub of  water doesn' t do the business o i  ther. When t h q  pound you 
down fm snnugh the question of being able trr get  the equipment It 
takes to do aome of this work is a grave one, Now certain n i l l s  have 
been required to go into the msnufacture of armor plate that never 
were set  ug f o r  amor plate. They were built f a r  rlifferent pur- 
paaas. Mould equipment, furnace equipment, nil1 equipment and roll- 
ing m i l l  equipment wore no t  designed for armor plate a d  if you w a i t  
until somobody desfgna some of t k e a ~  m l l l s  especially for armor 
plate, you woni t have any armor plaf e, or you wnddnu t have h d  
any', and the Japs would st i l l  keop c o m i n g ,  We hnlrpened t o  be in 
the position that  we did not have t o  use a good desl nf it that 
wAs n o t  up b first class qwlity, but I cani t help but b v e  a l i t t l e  
~ympathy for both sides, becau~e I sit a r o m c l  and listen to all 
thoae sides. However, I do not take it sa s&riously bpcause we have 
mde a lot of good armor plate too. I -happened t o  hear the sane 
gripe about the castings. Now there, it so happens that wo have 
cnntrol  charts on tho c~atings that were made in the last six  ont the 
and a l o t  of t d k  thnt has been pushed around about castings is 
not warranted by the atatistics of the case, I had hoped that 
Colonel hlby irJ03d be hers today, t o  t e l l  us how our stuff haa . 
stood up on the other  side,  but a l l  that I have been able t o  ge t  on 
it is that it has done a pretty p o d  job. The o t h e r  fe l lows,  how 
ever, do have theOr problems, too. The welders arenu t the  only ones 
having problems. 

Mr. Smith added: 
"We have a satisfactory source for armor plate tht  b s  stood 

up very well. We had plenty of trouble with it. We helped develop 
the armor plate to the poiat yhers it did nnt give us much troubla. 
We worked'consistentPy with whomever we had t o  work with in e r d e ~  t o  
provide ommelvos Mi th the quai ty o f .  mterirrl that we thought necessary. @ 



• As  far as the lawering of alloys 0t1 cbnasrnsd, our experience hae 
been that with the lower a l l oy  platea we have gotben as good re- 
s u l t s  as we ever g o t  with the higher alloys. We have no gripe in 
that connection, at all. ' e  haven't arpr grip# with reference to 
the weldability of  i t  because as I a d d ,  we a m  weld it ,  and we 
have welded it. We l y e  develop& means of preparing the plates 
so that it could be welded aatisfactor.fly. But the problem wo are 
faced with is not the problom of welding that armor plate, far be 
it from that. It is -not  one of our problems~ We are a s k i ~  only 
that the armor plate that we receive ba as good as the armor plate 
can be mado, and if one man uan make it, our feeling is that any- 
body else can mako it. If ono m i l l  can, with similar equipmeat, 
produce jmtisfa~tozy armr plnta for us, thwe is hardly feAson 
why the other mill cannot. Our arguaent is not wf t h  the mill, it 
is not with tho heat treater, it is merely with the idea behind 
tho  principlo of trying t o  save material which is not satisfactory 
and has not, over a period of a considerable numbor of efforts, 
to thia point been proven saveable. W thnt material ce~n  be eavod, 
we are j u s t  as happy t o  use it as anybody elae. Aftar n l l ,  it doe8 
mean considerable t o  us that here is plate ~vf i f lable ,  bocause we 
w o u l d  h.vo t o  s tart  out and f i n d  some more material somowhero else 
if thnt uqtorid is not  wailhble,  But w e  do mt w a n t  to see thnt 
maferfnl us08 if l a  the finishail vahicle it l a  not going t o  do a 
good job on the battlefield," 

Col. Zornfg conclud6d t h i ~  dfocwsion: 
'q do not think nnybokv is going t o  use m y  second-grade 

material because we do not have to a q  mfe. It is aming dhht 
you have g o t  because evorg time you put that stdf through the 
furnace you lose some more alloy, of which we hment t too  much. 
You loso practically a1 your chPomium every t i m e  you pass i t  
through the furhace, and nobady wants t o  do that if they =n help 
it. If the stuff cannot be used, tho poreantage o f  the t o t d l  pro- 
duction is very small. Undoubtedly, they wont t uae it, but if it 
cRn be usad, I think it should be used. Some sstisfactorY way 
should be found t o  do it." 

There fol lowed a lengthy diecussion of the problem of electrode deliveries 
which w ~ s  introduced by st, ?andall: 

"It was agreed bp al1 electrode nanuf~.'cturere prosent that 
tho delivarios of  stainless steel electrodes in the  future cannot  
be expected in less thnn four months f r o m  the time the order is 
placed. That statement was supported by tho W a r  Production Board 
reprascatatfvo presentr There was .  er Peeling of the Electrode 
Grow that a l l  of the fabrications should be upprised of that 
fact.n 

This question was commcnted on by Mr. -nor 
"I think tho saddest chapter th7t w i l l  be writton in the r e  

porting of the o f f o r t  of thla Subcommittee will be written in re- 
porting the effort of t h i s  Subcomittee'e Electrode Group thie  
morning, I think that 95s of the man who wore at the l a a t  Detroit 



neotfing loft with the ilaprolseion that two types o f  coqohtltion had 
been agreed upon nnd would be mailable to  us shortly thereafter. 
We wefe informed thie  morning that progress had 'been made and these 
compositions had n o t  gotton under w a y  as yet. I don't th3nk the 
Eleatrode Group is aw farther d o n g  with their ef forts  than they 
were oae y e a  a g a g  pmticulnxly when the Chairman states that every- 
nne still eQresssa a preferencb f o r  specifying the types of core 
wire that will beet suit the individa needs. f. would l ike  to bo 
able to get ae much coifea a& I could right now, too, and I don't 
think that i f i  st all encou~agfng to tho uaer of the electrode, par+ 
tlmlarly when we know that mmy of our electrode friend8 volun- 
tarily and publicxv announced that they were ready t n  pool every 
resource and b i t  of information t h ~ t  thay had. If the ChRi~mn's 
report i s  t o  be interpreted literally, then their efforts hhvs been 
n i l  for their entire period n f  existence* 

"What f am going t a  s v  w i l l  not reflect upon the present 
Chairman, but I think w e w e  wrong in having R Service represent- 
e~t iva  heading up that body. 1 don't think tk t  the C-hirmaa or 
the man who should in i t iate  mtfon, when placed in the posit ion 
Lieutenant Randall, is in mw, nr Mr. Brooker WRI ,  ie altogether 
in a fair position. He is neutraJ, ' I think that ia why ho waa 
chosen for tho j ~ b ,  I think a Cbairm o f  that &up, if he is go- 
ing t o  standardize on electrode composition, has t o  have ideas nf 
hf a own* and the report that we got  this mnrning, combined with 
the announcement of foummnnth delivery, dnesnl t snu,nd prornf sing 
t o  me at 

Mr. Rutishsqaer replied for the asctrode Group: 
"$hat specff icat ian nf care wire which Lieutenant Randall 

read, the change was necessitated by the Ww Productinn Bonrd 
throygh the cars wire manufactuxera, As far as the Electrnde 
Pratq, was concerned, I think they were pretty well s e t  on w-hat 
f t was, but 'we were asked t o  change, md in trying t o  comply with 
both the War Produotion Board and the wire pmducer~1, we changed 
the specificstion. It hernl t been changed much and as I recaJ.1, 
there were no changes contemplated in the deposited weld met& 
merely in the core wire," 

The situation from a different angle was elaborated on by Mr. Bradyf 
"1 t i s  very, very difficult, if not impassible to get the 

po in t  over t o  the fabricatore aP tanks, the fact,  t h t  I t  does 
take throe months Bo obtain wire from the steel m i l l .  we con- 
tinue get t ing  orders, evon as late as two ws Rga. Companies 
are completely out of electrodes. They place .en order T h u r g w ,  
and if the electrodes are nnt i n  the shop by-MnndeJr, they shut 
down. Thoy aren't f o o l i n g  because they do actually shut down* 
There is something wrong somewhere, when that thing happens. Now 
tho electrodo people are  not responsible in any rsepect for-this 
throo or four-month deli~ery* I t  is cantrolled entirely by WPB, 
entirely so. The 20th day o f ,  tho month is the last day of the 
month that we can place orders for core wire, For instance, on 
the 20th day of I3ecembek wo have until that time t o  place nrdera 

a. 



for wire. That permits the steel ~$11 to  pwchase their chromium 
and nickel and other alloys for Tsbrwy melting, for March rolling 
and possibly delivery at  the end ~f Marah, but most l ikely Pa April- 

"Flve months - we were require& t o  inform Waerhf~ton a s  t o  
how many pounds o f  aleckrodes we e q e c t e d  t o  nwmf'acture during the 
fourth q h t e r .  T h t  wae f ive months ago, sad we had t o  give the 
information on a specid form. It was simply a form the fabricators 
had to fill out, t e l l i n g  how many pounds of eleatrodes they expected 
t o  use i n  the fourth quwter. Now something ha8 slipped along the 
line, because the contemplated number of pounder of electrodes that 
the fabricators are using i n  the fourth quarter is poasibly two o r  
threo times w h a t  f ive  months ego they told l&'B they -re going t o  
usa duriw tho four th  quarter. We ara allocated so many pounds of 
b ~ r a  wire per quarter. ti'o rocoivs thie allacation i n  the fourth 
quarter based upon our  oetfbmte of f ivo  months ago, which i n  turn 
was based upon tho estimate of our cuatomsrs they had given t o  ua 
f ive manthls ago and on orde~s we had on 'the books nt that time. Be- 
cause of the increased production, we tried to  f i l l  that gap. Be- 
cause of the oversight of some purchasing agent o r  some shop indiv- 
fdurrl who fa'lled to requisition tho proper number of pounds, we were 
permf tted t o  ask for ' i n t e d u  aesietanco. In'no case t o  my knowl- 
edge hT.8 there been ono s ingla  pound gr~nted t o  nny welding rod 
mnufncturer on 'interim assi$taaoet that wns aaked for for the 
fourth quarter. Wa poraonaly askcd for 625,000 pounds of wire whf ch 
is sufflcferrt t o  mnke roughly 750,000 pounds of eloctrodea for the 
fourth quarter. wo woro turned down. Wo didn't obtain one single 
pound. The mills are keapilsg to thcfr schedules, the elottrode 
people aro keeping to thoir schodulss, b ~ t  we cannot possibly f i l l  
the gap of d m o s t  two t o  one whon it is n matter of unravelling a 
lot of red tape down in Waehlngton, a matter of dotting somebody1 s 
I t s ,  a matter of paper work. 1111 it took wao a tslegram t o  my of- 
f ice t o  grant t h i s  ' intorem nssist,ulce. ' The w i r o  didnl t have t o  
be melted. The wire was laying on the shipping platforms, drawn 
to s i ze  In m i l s ;  the h c k  backed up ready t o  take it away* f t 
wasnt t something the steel mills had to make. I t  w a ~  something 
that way 175% around there f o r  threo months and f guess it w i l l  
continue to lie there until somebody wants ta afve somebody ' f ~  
terim aasist,mcel t o  keep these p l a t s  g o i n g .  These k t r o i t  people 
are operating on n throe o r  f o u r d a y  basis. I walked into the shops 
up there and they had'a threa days' supply of electrode on hand. 
&en tho truck was a dny lato, they shut the plnnt down." 

Upon questioning by Mr. Wdy, i t  was admitted bpt Mr. Brady: 
"lherybody didn't make the nistake. They required more elac- 

Crnde for this reason: They received a dertnin contract,  we'll. say, 
a contract  t o  make 30 or 40 tanks* 8 e  orders sufficient w i r e  t o  
fill tb,t contract. He has complotea his 40 tanks or whatever it 
wae and waited osourid f o r  the red tape t o .  unwind. He knew he was 
going t o  keep right on .riaking tanks, but ho would n ~ t  order weld'ing . 
rod until he actually had the order from l!!~ahfng.tan t o  nnka 40 or 
nore, or 400 mre, whatever the case nay be. He refused t o  order 
weldlng+rod untZ1 the d a y  whon he actually g o t  this second order 



from Washingtnn. Tho da;y he got that order from Ifashiqton, thRt 
day he pLaed an order for welding rod, but that ctrry ho was also 
out of welding rod, and he wnnted t o  continue prnduction,  so he 
gets on the phone aad s a y s ,  '1 b v e  t o  have 40,000 or 100,000 
pounds in my ahop next weok. 

And ho continuad: 
"Tho point is, is thers somebow i n  the Orctaance Dmmrtmont 

who has the authority, the power o r  whatever i t  takes, t o  take a 
walk ovor to tho \fax P~aduction Board and sit down with some in- 
dividual, thero, tho reaponefible man, and say: IHar~ls the situa- 
tion, IQe, are nn t asking you to do the inpoesible. This wfre is 
lying in tho steel mills. It ie roe& for delivery. Tho s t a c l  
mills are ahead of pmrluction in msbny cases, Will you permit Us 
t o  buy it?' But t h t  i a  not baing done, m d  there i s  whore the 
tie-up comes in and tho slow-up of production. There l a  nn co- 
ordination batweon the Or-ce Department a d  the W a r  P T O ~ U C ~ ~ O Z ~  
Board* " 

Mr. Foley of WPB commented: 
"It i s  ridiculnua to think that those two statements could 

be true. In my axperisnco nhon anybody comos dnwn t n  the W a r  
Productioa Board with any such story as that, he gets immediate 
arsistanee, and 1 m sure thzt anyone who enmea and p l ~ c e a  the 
case as it h e  been placed here j u s t  now, he w i l l  t~st  the r a l i a f  
he needs. It just doesn't males senae t o  hRve a t h i w  l i k e  that, 
h ~ v i n f ~  wfre an tha wharf, snd all it requfros is tielivery,, and 
somebody ~ a y s  he w i l l  have P;n shut down a plant if ha doesn't get 
i t ,  It Just  doesn't make any sense. f cannot r;n a l o n g  with t h t  
statement* Something i s  wmng sanewhere. zither the hnntact has 
not  been mado or the wire is s o t  there." 

Sinata the questibrr of allnca.tinne by l@B wae no proper busfneas for the 
Subcomfttse, Col, Zornig commented: 

  hie is gotting intr! matters of production rchedulae w i t h  
which th is  committee has na th i rg  t o  do, f think you have y o u r  
Integrating Committee and w k t  not. You h e  the W a r  Prfirluctinn 
Board and your own Inrtuetr ial Committee. f t&e it that y o u  havc 
one that covers this, anyway, but it  would aeom to mo that thbt f e 
a proper thing t o  10 taken up by then, This Subcnmmittee only 
concerna itself with tho technical arrmpsmontw, tho technical  
phases of manufacture of armor  structures by welding mtl 1 think 
we would be decidedly out of place if we started to  pley wi th  the 
systems by which allocations take place in quantities nf require- 
meata, Theat is nn t  the function of this committee, and I t h i n k  we 
should stay away from t h t r  I woad l i k e  t n  see us gltay away from 
that beeausa it is nono of our  buainessmn 

Mr. yoley ~ t a t o d  th policg*. o f  WPBs 
"Having wire'nn the wharf for d Q l i v o ~  and when it gnes back 

t o  melting a r e  Bwo different  stories, It is a question thare of  
whother the armed fnrdos are taking them a11 tagether, wanting t a  
use their nickel for this thing o r  that thing. They Are tho  ones 



that decide that. The W a r  Roducttlan h e r d  never denies the 
Arm or Navy  of theirtmateria3s: they have their own way about 
them; the Ivar Production Board sits ino I lhq advise, but they 
don't say, 'You can' t  have th is  for making a tank, or you can't 
have tkt, They get w h a t  they want." 

Mr. Raymo repeated emphasis on his origin& pointr 
"Mr. BradyLs remarks are of Interest. It wad n o t  my i n t en t  

t o  e l i c i t  any such commentr I am appreciative of the condition 
which the electrode manufsctwers have in ordertng their electrodes. 
But the point that is o f  interadjt to  a l l  o f  us is when a r e  we going 
t o  get down t o  t b t  one type of electrode, and if we h v e  t o  wait 
four months, or five, to get delivery of the electrode, that means 
we must place our orders, but w h a t  axe we ordering. W i l l  the spsci- 
fications be as reported t o  us th is  morning? I hops so. I w a s  un- 
der the impression that that h d  been started three months ago; 
that delfvariee perhaps would be coning t o  us within another month: 
that we would be within 30 d a y s  of  one electrode; that them would 
no longer bo thfs brand qualification requirsmcsnt and all such." 

Lt. Randall emphasized tho purpose of core wise standardization: 
" 1 think there a r e  one or two thiags that Mr. Raymo may 

have overlooked. The first one is that th is  core wire speai- 
f i c a t i o n  has nothing whFltsoevar to do with the f inal  eloctrodo. 
T h a t  is not an Ordnance Department specif fcstlon.  T h a t  is an 
agreement which was ~eached at tho request of the War Production 
Board, I t  i s  uMortunate that I made the remark thio morning 
that the Ordnance Dapmtment, I csl spo&ing En this case as a 
rspresentative of the  Tank-Automotive Center and not as the 
Chair- of tho Eloctrodc Group, hopes to  hwo on tho &en& of 
the next meotroda Group meeting an alectsode spseif ication which 
i s  what Mr. Retymo $6 talking about, I belf me. Ono thing tbt &. 
*mo has overlooked, and that is that this campoaitioq of core 
wire does not determine any of the things which Be is talking 
about* J e i t h e ~  w i l l  it be used by the Ordnanaa Department as a 
basis for interchangeability of brands for procedure qualification 
purposes, An electrode specification is the o n l y  thing that w i l l  
perform that function, and ws w i l l  be v e q  glad t o  have Mr. Ra,vmo 
attcna tho next aectrode Group meeting find prosont h i s  views t o  
the electrode manufacturere there. But I think he has misunder- 
stood the purposes of this core w h e  standardisation. It cannot bo 
used for any such purpose as ha proposes, ~ n d  i t  w i l l  not a c c o w  
plish the abjeative thnt he is talking about, It was never izl- 

tended to,"  

The core wire situation was explainad 'try Drr B r d e y :  
"As n representative of the core wire mnufact~rera~ I would 

l i k e  t o  state that I t h i n k  there been progress made, in that 
soma three or four months ago, w a  had 54 spac'ificntians for core 
wife on bur books, primarily for armor welding. Today we have two, 
When we came t o  bringing that 54 down t o  2, we had t o  do some ad- 
jugtment and f ind out where we were going, bedause we had rust that 



continwus and consecutive production on this  one type o f  wirer 
A t  the time that those two qecificatiom were stated, the cors 
wire manufacturers made eome objection thereto, in that they had 
not the best balanced set-w for r o l l i n g ,  We stated that we would 
go along unt i l  we had further informationc With the ahange over 
t o  thoae ~pecifications, we had contfnuous eperatian on those two 
analyses for thie p-oee and aocumuloted sufficient data t o  f ind 
that we ltere loefng a tremendous amount of material. I would 
hesitate to t e l l  you how much dead material I h e  in my stock r ight  
now that doea meet those specifications,  so far as t h q  are stated, 
but i s  not rolled. Now that is not conservation and consequently 
the request for this change was to  permit a b d ~ n c e d  eat-up, Now 
on the other pofnt, since thts  has been brought up, 1 wish t o  issue 
a further clarification as far aa deliveries a r e  conearned. That 
is entirely as Mr. Brady hns said, but it is outside the realm, 1 
feel, of this meeting and a l s o  of tho realm of the raquiroments, b e  
aause we cannot just get tho material to produce other than it is 
granted us by MPB and there is a certain cycle through which that 
has to pasra. That  i e  undaubtodly necessary because we only  b v o  a 
certain mount of material and we are allowed to use that material 
only in strategic places which is entirely as it should be, There 
w e  deliveries being bade today  in much l o s s  t h a n  three or f o u r  
months, fiery time that that i s  done, the l a w  is broken. If you 
want t o  go back OP the Cora wire mnufacturors on t h a t  basis, the 
major por t ion  of the tank plants today  would be down, if the core 
wire mz.nufrtoturera held up Go the lsttor of the law. Now we a r e  
not doing this and we are not going to do i t ,  fis Long as it is 
posaible for us t o  deliver the things, but we have t o  have the 
permission from the users of  the cors wire to get that through SO 

that we can produce and deliver as they desire, If thoy w i l l  t e l l  
or order the mount of material that they are going t o  be using In 
b r c h  o r  April, that i e  a l l  that is necessary, Then we can adjust 
close enough and make arrangements with to  permit melting o f  
that matoriel and their specification w i l l  be ns it 5s desired. 
Nobody is more f nterested in stctndardiaing thw are the dore wire 
mhnzlfac turing companies. I f  

Col, Zornig commented on the electrode situ~tf on: 
"I think tbnt R. point has bean brought up hero, particularly 

as t o  the necessity for the welders t o  look ahsad further mybe 
than they have been doing, because that apparently is ixuportmt. 
Wow cer far p,s the compositioas or the  stanbrdizlng of welding 
electrode Es concerned, it is one of the f i r a t  things I heard of 
when I cama to  th is  camittee.  I have never been associated with 
the welding p00p10 before, so, therefore, I nm probably a little 
bit neutral and can see the humorous side of it, Aa I gather 
from l i a tan ing  in on the vnrfous discussions the electrode manu- 
facturers are individualists, Each one mikes h i s  own. One puts 
i t  i n  a red bundle and another in a green bundle, and another one 
in some other' kind of bundle, and t o  get them a l l  t o  agree t o  
making one kind of electrode, I am afraid it is going t o  be very 
di f f i cu l t .  1 can, however, see the trehd. moving definitely to the 



point where the partieti w i l l  either agree t o  it or get it thrust 
won them, and 1 ram afraid, Mr. Raymo, you w i l l  have t o  Rave a 
l i t t l e  patience with those ps~~ler'' 

Mr, b a t h  advocated etrong aotion: 
"We a r e  at ws and as Mr. Rnpo  stated, a standardized 

electrode would be n bledaing to evewbody connected with the 
industry. If you mhke n staadardized core wire and let theso 
tank wufacturcri get together and docido which one of those 
fellows' coating they l i k e  and tnko it c,ww from them i t  would 
help* f am perf eatly w i l l i n g  t o  mako whtotrer canting f have, 
if that w i l l  do tho job t o  the satisfaction of ovoryone con- 
corned, But you a r e  not goPng t o  g o t  it by any llgaeement. You 
are going t o  have to have somobody g o t  ovor them and tak~' it aw=V 
f rom thorn. There is only ono wnufacturer i n  this group where wc 
c o u l d n v t  Zntcrchango, We could not use his analysis etnd he could 
n o t  use ours.  I am going t o  bring that out very specifically, 
m d  if you t u r n  tho analysis of his  contfng over t o  us there is 
nobo&y in this room cnn mnke t ha t  work In an extruder. But the 
bigger pnr t  of tho electrados me mdo by tho extmtder method 
and evew sxtsudar ce~h use the same type of eofiting, if you find 
out which ono is thc best and which ona the ueerer wmt. f am 
w i l l i n g  t o  do mything  thnt mybody in this room wants t o  do t o  
mko tho th ing n eucceas." 

This suggestion by Mrt EQAurath was rnther startling but in .line with 
wh43 mnnyl Ordnbnco paaple hnd fnbrfecttor~ ware thinking. Ha was roferrrng 
t o  t h e  Arcos Corporation. 

Mr. Bmdy reaponaed t o  the question raised by Mr, kurath: 
"1 have workad for four wolding rod mnuf~aturers in thg 

cap~eity of roaenrdh engfncer on coatings. As nn afteruath of 
wbrking  with these compmies, I find that their cohtings nTa 
vary, very simllnr, It i a  o d y  na tura l  t h ~ t  they should be, 
Thero ie not, in other  words, t en  conte '  worth dffferonce be- 
tween the four companies I hrtvo worked f o r  i n  their cohtfnga, They 
h v e  made somn s l ight  chmges:.since I have l o f t  them but no t  es- 
sential ones. Fundament~ly,  boy a r e  tho same combinatlone. Now, 
with two other cornpantas with whom -3 have never been omployed 
t h o ~ c  has bcon an interchange of i n f o r m t i o n .  1 can sny that of 
six cornpanics who ropresent probably 8 4  of the elactrodes &a4 
1 am fully awara of thoir formulas, I can write them down this 
minuto, and 1 would not miss by n o r o  thm a half of bno per cant, 
but they chnnge EL l i t t l e  bit from day t o  w,  and they go along 
and do thia and do that find over a period of years they do change 
h litt10 bi t .  Now, if thoro is a littla b i t  of difference in tho 
six companios, to ~y knowledgs that l i t t l o  b i t  o f  dffforence .is 
not worth their s~lesrnen going out and mentioning it. T h n t  l i t t l e  
b i t  of difference ie not  worth saying, !There is a ilifferonce, ' but 
thnt dif f orenco i a just enough nnd the  color  of the rod i n  j u s t  
enough dfff oront, wf ch brings us back t o  tho Prim bnnas who usc 
this wolding sods "ho rod ia just lit tlo b i t  off ahado, just a 



tr i f l e ,  not a different color mind you, bwk ta s h d o  different. 
It doern" operate the same* It is hot  good., Some m e  partial 
t o  .green, soma t o  black. I have g o t  that thing going through 
a certain shop j u s t  khia minute,' I am looking at the individual 
now, 'where there is that psychological reactf on, $hat psychology 
of color, Tau would be purprised w h a t  i t  mesas. It f s terrific, 
J could write a book on f t d  Here are six big prodwero who could 
get together on one ~oatfng esd s t ick  t o  it until the war is over,. 

I If we find iqroramente we w911 a l l  w e e  to  make that improver- 

' ,  slent the same day. Unless we do that I don' t think i t  is practf c u e  
It is, a plan I advanced a long while ago when we had a meeting in 
Pittsburgh and I spent my money and so did everybody else t o  go t o  
Pittsburgh t o  axchange thie knowledge, & l i t t l e  talk is an the 
record, wfllfngnses t o  co-operate in that respect, but they had a 
change of heart and the research men did not appear at that'meet- 

, ing. The. salesmen ,came. It 
4 

Mr. Rapno commentedt 
Testerdqy thwca was a man who t o l d  IU that $12 order t o  main- 

tain sourcea of oupp3y hs had to  h v a  four o r  f ive  d i f f  otent brands 
af electrodes in tha plant, that he absolutsly could not  use those 
electrodes interchwgeably. I wou3.d not permft such a ~ o n d i  tion 
t o  exist in my ovfn plant. The men would never be given an oppor- 
tunity t o  m k a  that distinction between braads of electrodes. I 
think that that f a  a mtter that can be hmCti~d withili our own OP 

A 

gaaiaetfon. The reason this condition oxists i s  be&uee of these 
slight df ff ereiraes in apsrating characterf hitic&; color-of the coat- 
ing, color on the end, and all such. As long as in the ultimate 
use of tho electrode we w e  at the rnerey of tho $syaholog of the 
m m  lass informed upon the tool he is ueing, why not t&e all of 
those variables out and make the esleotrode all of one color, all 
of oar coating, the same constituent. I w i l l  go right d o n g  with 
** B i e d ~ m n n  a d  say 1 don't ccee where coating you put on the 
electrode, just make them all the ems* 

b. b s e  o f f e ~ 8 d  the co-opePation of tho Generd &tors  Woldhg ~ommittee 
in prqaxing a apecif icatian: 

"Genera Motors stands roady and w i l l i n g  to  call a specid - 
meeting of the kmor Plate and Welding Comf t t e e  t o  g a t  together 
with tho eloctrode producers or such of them who want t o  co-operate 
in tbie. We w i l l  finimh the job by going on from a d 6 0 a i t e d  metal 
analysf a specification t o  a coxple t e  eloctrode apscification. We 
would l ike  t o  get together with the nsctrode Group a d  we w i l l  con 
operate and we w i l l  finish our spocif imtioa by writiw in a coating 
composition, ffguriw on using w - k t  the neetrade Group has already 
formulated for specif ichtion of core wire. I' 

Mr. $rzlgge voiced eome diff icult ibs o'lP atandaxdiz8tion of slsctrodes: 
"In the f i r a t  place, all the electrode manufacturers- have 

slightly different manufacturing problemrs which call for some 
d i f f e ~ e n t  solution thsrr, There zqen't riay of them that have 
tha same, drying ovens, the same drying procesees, nor are thare a 
m y  o f  them that uhie the same pressure +of equipment or one thing 



and another. T h a t  all could be worked out. Another 
thing i n  standardising the coating, 5t would stop development. ' 

You stanhrdize the coating, then you vmuld have t o  get six 
people together t o  move forward'wain t o  get together with all 
the usere, and f think that at the present time everyone of the 
electrode manufacturers is epending all, the ef forta  t o  make a* 
more usable electrode, and t o  date I would say that probably 150 
or 200 combinations have been triedrout i n  dif ferent  shops with 
diff'carent degrees of sucaess, and some were so aacepted. 

"Now if tho clcctrodes a o  pretty wall similar, I think it - 
would be bet te r  t o  go along with the preaent sot-up than to, make 
a chango t o  one olectrodo for thoea various raaeons. I think 
you w i l l  ~ V Q  a groat deal of diPf icu3ty in at.uldmdizin& Tho 
febricators w i l l  hRvo t o  got togother aad they w i l l  find that thay 
have some d i f f  icul t i  ou bacauso tho Faaa-Hardenod Fabricators' 
Group l i k o  one type of olectrodo which is different from the Homo- 
gcneous Fabricators' Braup, and there a r e  other problems involved. 
Tho Navy has another problem and they will call for s l ight ly  dif- 
ferent operating ~ ~ r n c t o r i s t i a s  than are desired in somc of the 
Army tank works. I think it is a vory, very complicated problem 
that can bo approached by a discussion of getting together rather 
than going t o  the ultimate thnt you a r o  talking &out now." 

Lt. b d a l l  st&estadt 
'1 think this discuseion is one which can properly take 

plnce in the'naxt meeting of tho Elactrob GTOUD. It is not 
contemplated at the prosont time that that group meeting w i l l  
have t o  wait for the noxt mceting on Welding of Armor. 1 thlnk 
it probnbly w i l l :  ba batter, however, and more profitable t o  g a t  
the el,octrodo m~nufncturera together and see how close we can 
come to this agreement we are t d k i n g  about;" 

Mr. Goodford added: 
''G I suggest t h ~ t  if this t e e s  place that people from 

the Ordnance Dcpnrtme~t .and a l s o  the Navy bo invited to attond 
t h o  me~tiag. 1 a g r e e  with Ik- Br& we should stmdardizo and 
we =e going t o  go d o n g ,  but I a l s o  f e e l  tho same as Mr. B r a s  
does for t h i s  reason: 1% nre talking about etandmdfzation but 
are we taking about standardization for Ordnance work for tanks 
o r  in genornS the A r q  nnd the Navy? I f  we are ta lking for hrrry 
and 'Navy, thorc  a r o  t w o  difforcnt  coatings involved right thore 
immedf at ely . " 

And MT. Brady suggusted: 
"If this special meeting is hold o f  electrode Wufacturers, 

with  duo r ospeot t o  Mr. Danse and his willingness t o  co-operate, 
it is my suggestion that the o n l y  people a t  that meeting bo re- 
saareh men, . and I do mom rosemch men of the Wolding rod m u -  

' 

facturors, no Ordnnnco men, no fabricators, just tho mufectursr 
f o r  this simplo reason - wo do n o t  patont o w  uaatings. Their 
complexity is such t h ~ t  v a  do p o t  have t o  copy. Hobo* can copy 
a meting* It is a marvelous m bus in ass to bo in. X o Q ~ d y  can copy 
or even coma c lose  t o  it. So 'we b o n l t  want ~a manuf6cturere of 



welding rod any outsiders at this  'meeting bedause when the war 
i s  o v e f  they w i l l  k v e  a good formula that they oan start in 
businead with." 

Col. Zornig conqluaed the dieousoion: 
"Any more t o  be said of the subject? T i m e  i$ moviwb I 

hesitate t o  ask YOU t o  bring up shy new business because, I don't 
know RS we aan g e t  very fnr with i t 6  Unless there is something 
urgent in the l i n e  of nw busineoa, 1 vilf. mss on t o  the time 
of the aext meeting end daban 

It WAS decided t k t  the next meeting would be held an Snt~rdqy~ 6 
February 1943 at C l e ~ e l ~ n d ,  Ohio. 

A t  this  meetiw && war apparent t k t  the problem of electrode standard- 
l a a t i o n  hpld not v e t  been ~ i e t t l e t l  and some mfsunfier~tAndin& existed regrsxding 
a1 ec trode del iverg schedules t o  the f a'bricat lag plants, Some f abficfitora 
wapted apprbval t o  use large diameter e leat~odea  for the p p d s e  of ex- 
pediting production 'but had arade no coordinated effort to %amnetrata satis- 
P~ctory performance by which Ordnrnnce could hthor ize  their use. The prBc- 
t i c e  of issuing waivers t o  armar plate producers was severely criticized by 
the fabricat~r8 on the groundta that-f~bricating dfff icatfes  were thereby 
inoreased in the fabricating plants because of the poorer quality armor plate 
received, Thus, the net reeult i r  t o  hinder tank PbLbSPcation rather than ex- 
pedite it.  8380, this leaves the tank fabricator in the midare with aa way 
but a& the fabricator looks at it. Some of this-attitude TB due to mia'arder- 
standing the problems of the armr plate produce$s who are t q i n g  t o  supply 
the great demand for armor in the shortest possible tine, The electade mnu- 
facturers, though.advocatisg atandarditation of one grade of  atai4esa elsc- 
trade? are still waiti* for domeone to make the firat move in t h a t  direction. 
Spot welding is beiw applied to the l ight armor of half-track-vehicles by 
ans f~brioator .  A npecifioatios f o r  spot welding of errnor has beep tentatively 
approved, 
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X r , r n E  ~ I I ~ P J ~  
SVBCOMMITTBIIE ON WELDIm QlF ARMOR 

sAmnau, 6 3mBukBX 1943 
a m  mTm, a=, Off10 

The ekmsn$h meebing of the &uboobnittee was held in mevelaad on 
6 February 9943 at, the Cleveland Hotel with 143 persons in attenbnce 
repreeentizg: ' 

Xndustrid - United States \ 
C ' 

Tank Fabricators 29 
Armor Producers 3 
mectrode Maaufacturers 2g 
Core Wire Producers 6 

5 Resistance tfaldi* Equipment Mrs. ' 
.. 

Aircraft Fabricators f 

' Industrid - &lied  Countries 
- Fabricatore 

Government - United States 
Ordnance Department 
ASF -badquarters 
Ravy Department 
A m  A i r  Forces 
W a r  Production Board 
National Research huncil 

Government -b Allied kunt~ i e s  

Guests 11 

The meeting-was opened by bl. krnig with the Pollowihg remrks: 
'tGentlemen, I had hoped this morniw t o  have Colonel Colby 

here t o  t e l l  us something of the pedormance af welded armored 
vehicles in combat, but I ha4 a telegram f r o m  him yesterday which 
states, 'Urgent business takes mo to kLmp G o d ,  F e ~ n t a t y  6 % ~  
Regret cannot accept invitation to ape& before Wclding Subcow 
mitteerq So, al l  I can say is, 1 w i l l  try a t  the next me~ting to 
have somebody t e l l  us something about it. I Ulovght I had. it 
f i n d  up this time, but apparently I did not." 

Mr. ~weenei of WPB reported nn tho alloy s i t u a t i o s  
"Apparently- thare is a misconception generally prevalent that 

manganese is not criticalr This idea is part iaar ly  called a 
long range vim, as the ore must cQma across the ocean, f t is i~ 
peratgve to save manganese, pad it is ementiel.  Low carbon type 
m g m e s e  is cr i t i ca l  now b e m e  of the ahortage of factlities 
for manufacturing it. Higher carbon -neee f s now in bdence; 
that is t o  e q r ,  tho preeent supply equals the preerent demalld. 
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However, case must be exereioed t o  see i t  does not become w 
balanced. The signif i c m t  factors in the supply of s i l i c o n  are 
power and furnebce capaaity, 'Jhe ~hortage aP both of these items 
ha8 resulted in the lowering of silicon content of manganese 
steels, and the significant raduction of s i l icon content in cow 
8tructiom.l steals. 

"With chromium, it is no longer the availability of ore 
which I s  the most kritical factor, but the productive capacity 
for making $ow oarbon ferro-chrome. ThB de-d for 0.6 low WP 
bon f orro-chrome far exoeede the present supply, Other grades 
of ferro-chrome a r e  less critical but cannot be sqwdared. Any 
modification or substitution for 0.10 low carboa fsrra-chrome w i l l  
permit the consumption of more sorap, The nickel situation is in 
balance at the praseat moment; however, radical changes In 
specifications o r  anticipated demend f o r p e e l a  containing nickel 
would wset thfa balance. Vanadium is likewise now in baalance, 
but due to  tho small o v e d l  supply, tho large portion needed for 
aag unusual deaaad would result in a def 6 i t e  shortage. 

"Molybdenum, et the present time, i s  considered t o  be the 
moat critical. of al l  elements commnl.y added to steel.  For some 
manthe consumption b s  exceeded produatinn, with the result that 
the stock pi le  h a  boon reduced t o  a large extent, A t  the pres- 
ent rato, thia stock p i l e  would be 8eple ted before the end of the 
yeax. The overall piature for  1943 indicates that tha demand e p  
ceeds the sqpply and it ie going t o  be liecesmry t o  save molyb- 
denum wherever possible. Columbium is d s o  very critical a d  is 
permitted only where carbon stabilization, ae in the caao of s t a l p  
less steals, is neceeaary. Tungsten i s  now in balance, but like 
the o thora, could be upset by a y  urmsuEll change, Copprsr f s so 
urgently needed i n  wn-ferrous netalg that its use in steel has 
been praotilcdly eliminated, Zirconium, ti ta t i ium and baron are 
effective subetitutes for the mro oritical cleaents. 

"The use of steels  which require no raw material c-e e3ce 

cept scrap has inoreased from 6-1/2$ on 15 July t o  15% in Dacember. 
The savings accomplished have been made possible 'by an increase o f  
a l l o y  steel production, The Pact that ie not comonJy known is 
that 4 large portion of etainlees steel production is directed t o  
electrodee f o r  welding w o n t +  5n thsauary and Yobxudsry, 14% an4 
13s rerrpectively of all stainleas steel produotion wes for this 
one activity, whereas the demand for 0.6 and 0.10 low carbon ferro- 
ehrone h e  been very muah greater. Jamary and February requfre- 
monts of thaso grades f o r  welding eleatrodo production were 16% a d  
2C$ of d l  the 0.6 o-n, and 44% a,nd 3 of the 0.10. This was 
a t o t a l  of 25% of a11 tho 0.6 and 0.10 1 $6 w caraon ferro-chrome re- 
quired. This situation has been aggravated by quo,tns s p s c i f p i ~  
,07 o r  .OS mximum of oarbon instead of tthe previously w e e d  upon 

' rango of ,07 t o  Ot12, The alloy situ;rti6n is so c r i t i c a l  now that 
a 25% cut i n  ell stainleoa etoel production for the A m y  r?nd f o r  
the 1Javg and f a r  al l  other  users has been propoeed for February. 

'The W a r  Produbtion hard hopes that the campromi se agreed q o n  
w i l l  make a better weld dspoait and y e t  permit the greater utiliaw 
tion of scrap and a corresponding degree of low carbon ferra-chrome 
consuplptfon. At the same time, we hope this  change w i l l  not lower 
the ateel m i l l  Psquireneato, a d  we hope that the qualf ty of the 



material that will be fwniahed w i l l  permit, in the near future, 
the elimination of molybdenum for electrode coating, except for 
some specific applications,  An appreciable amount of alloys are 
consumed in electrode coating. Instructions have been mailed to 
coaters, instructing them i n  the  p o s d u r e  for filling out Form 
PD 707 on which they obtain these alloyed From the data on these 
forms, we plaa to study these compoeitions and hope to make worth- 
while savings of the critical alloy elements in the future. we do 
na t know of any, logic& reason w h y  we cannot and should lpb t atand- 
ardize tho most eoonolnfcal comting, from tho @$standpoint of al loy  
cons~lqtion.  We suggest to the coaters that they start their ex- 
perimental program now, to see w h t  roductioas they can make in 
the al loy aonswnption in coatinga* 

"The 'Pi v a u e  for Pebruary is: Manganese, 6: sil icon, 
4'0; chrome, 3.7;  nickel, 3.7; molybdenum, 22; ~amdium, 43* 
Now, of cowso,  one thing I want to point out about the vanmdi- 
um, tho reason it has such rs high vhlue is that them 1s such a 
smll supply, and tho bulk of It goae in the production of high 
speed steel. *hat leavcs euch a small amount for  axqr other pW- 
pose that in order to make a comprison with tho other$, which 
are produced i n  euch greeter ~ n t i t i e s ,  i t  ik necasmxy to giva 
it a higher value* Now thnt means, roughjy, that at the preeent 
time it i s  better, for inatruzce on nickel which is 3.7, t o  sub- 
s t i t u t e  5% nf ckel for 1$ molybdenum, And, of courss, one thing 
that I dofi't hate here in these figures is tho supply and demand 
pictwp, but I recall offhand t h t  manganese was in bdbnce; that 
t h e  value for it tJas one, which meaner that  the supply is e q d  t o  
tho demand now. But as I pointed out ,  that is one of the worries 
that prays on thoeo who are in charge of alloys, t b t  if -ese 
ever gots in the doghou~e and redly  g e t s  critioal it w i l l  be 
r e d l y  j u s t  t oo  bad because you can do without chroma and you 
can do-without nickel and without plolybdenum but urzder the fac i l -  
ities that we have now for d n g  steel,  it is neceesary to have 
manganese to &e every type of steol properly. 

"Molybdenum, I don' t have the vdue for it, but I know that 
it i s  not equal to  one becauee approxim?*t.tply 30% more 1s being 
used thnn ie being produced at  the prosent time so that meam thnt 
the stockpile that we do have jB, befora long, gaibg to run o u t  
and then, of course, i t s  value will have to oome down to one be- 
cease you can't use my more than you hoe, At the prosant time 
zirconium f s not rro a t t i c a l  as the others, and at the present 
t ine there hasn't been such a shift t h b  would indicnte t h ~ t  it 
would be extremely critical l ike  molybdenum i s  being now." 

Lt, Col. Richardson tetised a question: 
"Mr. Chairman, could Mr. Sweeney t e l l  us how he gives ns a 

figure of 43 for vmmif'ujm, which he says  is in balmce, a d  a fig- 
ure of 22 for nolybdenm, which he snys is crit ical?" 

a Which Mr. Swoeney answered: 
'Yes, the ' V i  valuea which I gave thore of 22 for molybdenum 

and 43 for vanadium moan that in the substitution. of one type of 



e o n s t r u c t i o ~  steel f o r  another it is better t o  use 5s nickel, 
ray, bedfirno it is 3.7, thnn i t  in t o  use 1% of molybdenum, be- 
cause f ivo times 3.7, you eee, i a  s t i l l  leas than 22. Thaee m e  
equivnlent values, gut the  vanadium f s in bdhnce because it ' i e 
being carefully watched hnd these figures b+ve no ralhtion t o  i t  
bring in balhnae except t h t  they we baaad an the a v ~ i l ~ b l e  sup- 
ply. You eee, If vanadium had a low value, then if you substituted 
very much f o r  it, why, it would throw I t  completely o u t  o f  balance 
because thore is such a sm11 emunt of it m ~ f l a b l e  campnrod t o  
the molybdenum or the nickel. 811 those figures are based not qnZg 
on the supply and demnnd, but nlso  on the t o t a l  production figures. 
Vmadfum hns been el inhated from all  t o o l  steeloj except htgh speed 
stoel a d  it b e  been olirnimted from pmatical ly  all the aanatruc- 
t i o m 3  etbele  eo thnt right now it is in balance beaauso i't i a  only 
permitted in such a vcw few mpplicntion~.~ 

Mr, & & w e l l  reported on the nctivf t i  as of the Honogeneous A m o r  Fab- 
ricators' Group: 

"The first itetn t o  be aoneidored by the Group was the pro- 
pn sed s p ~ c f f  ication f or armor wolding electrodes. Tho reason thf  s 
was taken up first was so thrst the docision8 or recornendations 
of tho Grow could be carried ovor t o  tho aectrnde Group t o  be 
considerod in their dfsaussiop of the specifications. Tho firat 
chango twt was rocnmendad i n  this  specification was the 01irnin.a- 
t i on  a f  the colored tips on tho oloctrode. Moat nf the fnbrientnrs 
were of tho opinion that  t h i s  was not necessary and thnt in some 
raspacts it wns n hardship, whon aa gone of the ft&ricstars a ~ e  
doing, the mild steel tips m o  woldod onto the sta ln lese  s l e w  
tradea. It was suggestad thnt if it was necessary t o  identify 
the electrndos by colors, that a colored bnnd ba applied t o  the 
coati rg. Soao of tho nembore wora of the opinion t b t  an addition- 
al type should be added which was t a  bo c d l o d  the A, C*-Dr C, type, 
but it w e @  f i n d l y  dacided t h R t  if n footnoto was MAod to this 
table AS follows thRt  thie woUd ramedjt this situatfon satisfsc- 
$orilys f w i l l  quote the footnote that was s ~ g e s t o d :  

"If a rod can be ueed an A.C. or D,O,, it mryt be 
used by the fabricator with that type o f  current for 
which ho has been qualified.n 
'It was suggeeted that these chemical requirement8 should 

' .zlude limitiationai on sulphur and phrrsphnruw. In respect t o  
tne cri t ical  noly ~ituntian, after some discussinn it was unan- 
imously reconmended t h a t  the Grade VI, or maly-mndif ied electPoda, 
be taken from the specification. fn paragraph $2, i t  were s w  
gested that the elangatinn xequiramonts dn the tensile t e s t  far 
qualif icaticns of electrodes be defined more olearly. 

'In regard t a  Specfflmtion AX%497, on the welding; of armor, 
amendment 3 t a  this specification, which included mast of tho 
changes that worc discussod at tho last meeting of this  Group, was 
read by Mhjor Coombe and the Grnup had no comments' nr chngee t o  
rocomnond in this  mendmcnt as it had been drawn up* It m o  brought 
out in a~disoussioa an the wold ing  o f  H platos t b t  sinme f~brfcatars 
wero using a different wolding procedura in welding the arosabar o f  
the H t,W when wolding the logs of the H, and it w a s  the opfhion 
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of the G r o u p  that it was not in the i n t en t  of the specification t o  
zrpprove such practices and that in the  future this pra~t ics  should 
n o t  bo followed. It was generally wered that the practice of 
wolding both legs of t h o  H at tho s m $  time would bo permlasiblet 
and it was recommended that the wording of this sentonce be changed 
so that i t  a h d l  read, 'The crossbar F-E s b l l  be welded &*or A-3 
and G D  have boon c o q l  o t ed. 

"There wee consider~blo df scuseian on the question of in te r -  - 
pass torqpernturo, and Major Coombo to ld  the Group thnt the T a n l r  
Automotive Center is considering a chargo in tho requirement far 
wolding B platca so that during the welding of tho H plates the 
interpaas temporatwe shall. not exceed tho mini& preheat tem- 
perature used In production by more than l0OoF. For instance, if 
no preheat. temperature was used in produation, Lha n%ximum allow 
ablo intorpass temperature on tho wolding of the H plate  would be 
170°F,, . or 100' ~ B o v e  room teqeratwo. Thf s proposed change uds 
not  reradily nccqtable t o  a11 the mambers present, but it was 
brought out that in a survey af actual welding conditions in s e p  
oral of  the fabricatorst plants, it 1ms found that intorpass t e w  
porature often did  drop t o  n low figure and it  vss brought out tbqt 
the welding o f  tho H pls toa  should reprosont tho worst paasibls 
candition as would ba onaountarad in actual. production. 

"In regard t o  large d%mctar ~ lectrodea,  at the l a e t  w e *  
ing  o f  tho Subcommittoo, Mr, Smith of Mldland Stoel Products COW 
pany was appointed Chairman of a dominitteo t o  draw up a test '  
program so thnt more i n fo rmt ion  could be obtained on the bal- 
l f s  t i c  porfornarrce of plates welded with electrodes up t o  112" 
in diameter. r i t  the present tino, dl of tho platoa have n o t  beon 
completed yet, and since it is desired to send these plataer t o  
Aberdeen as a group, the t e s t i q  of  theso platea will not be started 
until they a l l  can be sont to llberdoen at the sane time. At t he  
preeent time there a r e  severd fabricators who have been qualif led  
f n r  t h e  use of  aleotrndee up t o  j /gN in diameter. 

"In regard t o  f erri tic welding, one of the fabr'lcatora. b s  
doveloped a satisfactory procadura using tho Unfoamolt process on 
plate uq t o  1/2" thick, and is actually using th is  procese in pro- 
duction, at the laat meeting, Sieutenant Pless offarod t o  nake a 
survey of woldod H platcs t o  determine if there was aqy advantage 
t o  the 1180 of the  annealing beads of tho last pass. The first  
grouping is f o r  the 1-1/2" rol led hamoganeous plates,  nnd includod 
a l l  plates tha t  have been f ired  slnce last year. Tho grouping o f  
the welding techniques has been divided i n t o  four clascles: Thoee 
t b t  uaed tho overlapping'beaas with no- annealing beads; those t b t  
used the overlapping beads with annealing baads; those that uaed 
full weave beads with no mnea l f ig  beads; and, those that mod full 
woavo boads and annealing b o d s .  

"In the first claae, out of e t u t d  n f  14 plntus, g5.71% 
9f thoso plates wore satisfactory, both in tho shock test and 
in tho %ray t e s t .  

"In the soecnd class, o u t  of a t o t e l  of 62 plates, 91.94% 
of tho plates pasaed both tho ball ist ic and X-ray test. 

"In the third class, out of a t o t a l  of 36 plates, 36.11% 
passod both the b a l l i s t i c  and the X-ray t e e t .  



"And in the four th  class, which is the full weave with the 
annealing beads, out of a t o t a l  of 16 plates, 81.2$ of these 
plates passed both the ballistic and the shock test ,  

"In an attempt to show the effect of the difference in X-ray 
quality of the welds between those procedures which ueed overlapping 
' b e d s  and those whioh used the f u l l  weave beads, it was brought out 
that in those plates in which overlapping beads were used only  g% 
of the  plates f a i l e d  t o  pass the X-ray test, and of those platee 
using the full weave bead, 37% of those plates  failed t o  pass the 
X-ray tes t .  

"Now, going down t o  1" ro l l ed  homogeneous annor we have the 
erne four classes a&in, and while this group does not  include as 
many plates, it showed a definite trand, I think similar to that  
ehown in the 1-112' thEck arm*. 

''In the ffrat class, which i s  the overlapping bead but no 
annealing beads, fS$ of the platee paesed both the ballistic and 
the X-ragr test. However, this group included only  f ive plates. 

"In the second group, the overlappsng beads with the anneal- 
ing beade, in this grow, including 20 platee, 60% of these plates 
passed both the ballistic and the shock test. 

"In the third class, which is n full weave with no annealing 
beads, out of a t o t a l  of 35 plates, 25.71% of these plates  passed 
both the ballistic and tho shock t e s t ;  and, 19 the fourth class, 
54.55% of the pleztas passed both the b a l l i s  t i c  and tho shock t e s t .  

"fn the comparison of the quality o f  the weld 'rrg X-ray exam- 
i na t ion ,  In those plates in which the ovorlappix beads were used 
o n l y  4% fa f lod  t o  pass the X-ray t e s t ,  and in those plrrtoe in 
which full weave was used, 3 9  fa i lod  t o  pnae the X - m y  tes t .  

"fn a discussion on the quality of cast armor, it was agreed 
that many of the cast armor producers are producing satisfactory 
castirgs* but thero are also a great many producers who can m k e  
considerable improvement i n  their product. In respect to ro l l ed  
armor, it was brought out that the quality of the plate, especial- 
ly in regard to dimensional accuracy has improved considerably, 
and most of the fcibricators cue getting along fairly well and 
with fairly satisfactory results in this respect, 

"In regard t o  plate scale and the effect it hns on the welding 
procedure, one of the members raised the question n s  to what pro- 
cedures wore being used by the different fabricators t o  remove th i s  
scale. It was almost the unrslimalZs opinion of the group that it 
warn necessary t o  remove the scale both from the flmo cut edges 
and also from the surface of tha plate where any welding is to take  
place, and whrle this i s  in some cases taken care of 'by shot blast- 
ing, othar fabrimtope use hand grinding methods t o  t a k e  care of 
this.  " 

b- Dane0 brought up the question of welder q u d i f  i a ~ t i o n :  
"Mr. Chairman, I dons t want you t o  thi,lk that I came here 

t o  kick ewqrtbiqg f nto a cocked hat, but that situation regarding 
the qua1 i f icnt fon  o f  welding operators is  far from being composed* 
I should l i k e  to have the cards all out on the table and hnve 
everybody look at them - instoad of pushing it i n t o  the b~ckground 



evld attempting t o  hide it. Ordfianae wants t o  @ify the welders+ 
Ordnance does not dseire the c o n t r ~ o t o r s  t o  qua2iQr the welders. 
We hz.3we nn obgection t o  Ordnance qualifying the welders, but we 
do object t o  R subterfuge in the wording of the specff icntion* Let  
us ploaeo change tho wordin.& of the specif icat ion back t o  the ww 
it was, requiring Ordnance t o  qualify tho weldcsrs, nnd then we w i l l  
a l l  understand f t and we will &2 be happy, As it is legally, and 
wo h ~ v e  had the b,ost l n g d  minds in the country interpret the word- 
ing, the contractor qunlifies tho welders and Ordnance does m t  
and that is not aatisfactor7r t o  Ordnance, nnd they keep arguing 
about it. Now, if' Ordnance wants t o  q u ~ J i f J r  the woldora, certain- 
ly Ordnance is tho customer and the customer is ~ l w q ~ s  right, find 
we want t o  do w h a t  tho customer wants, So plehsa l e t  us chaw@ 
the wording the  way it should barnn 

Major Coombe commante$: 
"I can only .say thnt  the sitw*t5on was diacus8ed in th6 met -  

ing, as Mr. bfcJbwell hns reported. It was the uaaminoue agrsemcnt 
of the members present that the a i  tuation was not such RS t o  war- 
r an t  a change in t h i s  wording. Mr. hash and Wr, Smith of Midland 
m e  the only ones of a l l  of tho fnbricators who ware represented 
yesterday who have any trouble ~sSth Orchance on thf s issue. Mr. 
Smith retracted h i s  stntemmts so that it eruabXed urranimoue agree- 
ment of the Group against changing the wording," 

And Mr. Dnnso replfod: 
"1 kcme discusoed the si tuht i on  'tti th $In, j o r  Coombe, Lieuteaant 

b n d n l l  ,and l k j o r  Pippel. Thay aro perfectly f r ~ n k  nbout it th9.t 
they would prafor t o  have the Ordnance inspector on the job make 
tho qwl i f i cn t ion  of the  weldor. He b.vc no objection to that be- 
ing the   so. O u r  obgaction is t o  tho wording of the specification 
which says that the contractor sha l l  quali* the wolder, when it 
is their desire and intention that tho Ordnance should qualify the 
welder. 'I 

Mr. %mu remarked: 
"Well, the qu~lif icntion t o  an Orclnance D~pnrtment specif f ca- 

t i o n  is mer~ly q a l i f i c a t i o n  t o  another of many colles t h t  ws hava 
t.o deal with in this welding gome. Ife haqe o u r  A.S.M.Z. boilor 
codea, and. the  Navy Department specif i c a t i a n  requirement, and pro- 
b ~ b l y  throa or four others if you break them down as individuals, 
and in no instance does tho rapresentative of the pnrty raquirtng 
qualification actuall?! Rssume responsil'bility for the qualification 
of the wolder. I- think that properly remins the fwct fon  of the 
cont~nctor and that i t  i$ st i l l  olily necessary f o r  him to produce 
sufficient evidence t o  the cus toner1 s ropresontntive that t he  quali- 
f icntfon epbcif ications and raquiromente hhva beon met, 1 can' t 
soa why the customer should be re uired t o  assume responsibility 
for q u d i f y i n g  the tvolder a t  dl. 9 

To which Mrr Dmse rcplied: 
''Mr. Raymo'a aontinente are very fino, and they are in accord 

with the wor i t ihg  of the specification and we w i l l  continue t o  work 



amording t o  the wording of the specification aer legally fntez- 
preted by General &toret Legal Department which is that &nerd 
Motors Divisions will q&fQ the weldsra. However, we know that 
if the Ordnance inspector at the plant would do the qualifying 
examination of the negatives rather than our X-ray technialaas, 
we are n o t  oppo~led to that; we are perfectly agreeable to having 
it done but not so long as the wording i s  such as it i s .  As long 
aa the wording f s such as it is, we will cantime t o  b e  OUT X-ray 
technicians look at ths negatives and pass or re jec t  the welder 
out of the school oa  t o  productfon. Then we will show that nega- 
t ive t o  the Ordnance inspector and tell him, 'Here it is.' If 
he opposes it we will consider his opposition, but t b t  will not 
necessarily keep the welder from going from the school on l o  pro- 
duction. If our Z-~RJT teahnieinn considers thnt he is qualified 
be w i l l  go out t o  the f loor and wold and we w i l l  continue t o  have 
the arguments we have kmd in the past six months rsbaut those men 
being on the floor, Tho~e arguments a r e  continuous, constant; 
they recur every day, but wo w i l l  continue to put up with It. 
fiery weak we have 15 or 20 arglrmonts, and those argumanta oocupy 
a lot of our X-ray t9chnic3nns1 time which would much better be 
devoted ta  examfnkng castings or plates or welds, rather than to 
these conatantly reourring argumente." 

Mr. -ma guggeeted: " obsematian is tha t  rwrgiql cases are few and far bet.. 
tween; eithor a fe l low produces tl. good plfito or f t is a bad plate 
and usually the difference i a  so di s t inc t  thnt there i s n ' t  mch 
question  bout it,' 

Mr. arise explained: 
"hat i s  d a o  our opinion, but It isn't Orbancets opinion 

and that i a  why the arguments nrc continuing." 

Mr. Jeffries rnised a quoe tfon: 
"Mr. Chairmn, tho spacifications say the c o n t r a c t o ~  shdl 

prove t o  tho Qrdnande inspector that each welder has been so 
qualif ied,  I would like' to ask Major Coombe how the contraator 
can prove to tho inepector that he is qua3if led." 

&jar Coombe rapliod: " would say it 1s very.simple. If the requiremente of 52b(3) 
are carried out, if the welding operator makes his q-if ication 
test plate, that qualifiastion t e s t  plnto is rdiograpbed a8 
specified and if the mdiograph moats the requiremsats of AXS-476 
ae apecffied, all that remains is for  the contraotor t a  prove t o  
the inspector that tlmt operator mhde that plate from which that 
radiograph wae taken. You then have a permanent record and I can't 

' see why there should be 811 t h i s  discussion." 

Mr. Jeffriea continued: 
"For exapple - we are perfectly w d l l f n g  In the f inn1 Inspec- 

tion, t o  believe that the welder has made a good plate, but just 
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the same our experience leads us t o  believe t h a t  that plate 
h ~ s  w r i t  ten a l l  over it, Caveat *tor. We st i l l  cnnr t 
prove that t h e  c o n t r a c t o r  has produced a welder who w i l l  pEes 
the qualification t e a t  and there is nothing here to help us. 
we say that he ah11 be proved to be q a i f  ied, but then we 
are kind of lame in our interpretation, I think it should be 
clearer, Major; 1 don't think it is clear enough." 

Mr. Christensen remarked: 
"Mr. Chairman, I think we ~ h o ~ l a  l ike  t o  p on record the 

erme as Mr. Jeffries has ~ n d  wa feo l  i t  ahould be clear. We have 
&ways had our  inspectors a c t W l y  witness the production  of the 
qualif i c r t i o n  pletee.  We would father not do that." 

Mr. Jeffries remarked thnt Ordnance inspectors were not allowed t o  uaa 
Ordnance radiographic standard~i for oporator  qualif icnt i o n  and added: 

"Becaueo we s~yr htire, 'The con t rac to r  e b l l  prove' t o  the 
Ordmnae f napactor that oach welding operator h.9 been so qW- 
i f i ed ,  ' but how ia he going t o  prove it?" 

Mr. Raymo commented: 
"We have pretty sharp ideas on what constitu'l;es an acceptable 

wold. I t  is literal ly one that bas no f a u l t o  of nature what- 
soever in evidance in the rdbiogr~ph. bgardlses of how small 
the defoot is, I throw it oyt. In consequence n$ which, when the 
radf ogrsph is presented t o  t he  Ordnance D q m r  tmnt representative, 
he h a m  no choice but t o  m c e p t  it because it is an accephble ra- 
diograph with no fault in ovidenca t o  p e s t i o n  ft. In consequence 
of which, that is proof t o  him that the man has prbducsd a good 
plato find the scheme works a l l  right." 

Mr. Jeffrios pointed out  tho  deficiency i n  the spocificntion: I 

"That's right; it works just rf ght in Baltimore, I ~m 

perfectly s~tisfied with I t. ' k t  the radiopeph is submitted $0 . 
the inspector; this doesn't say it should be, and that  is Mr. 
h n s e ' s  argument. Many of ,these fabricators bave been t o l d  it 
is not  necessary to submit the radiograph t o  the inspector." 

Mr. Rqrao added: 
"Well, 1 t!~ink it is poor policy to advise myone not t o  sub- 

nit tho radiographs t o  the Orrlnmce inspector, Thht is rqy f o a l i n g  
on the matter. Youwould be tak ing the o n l y  evidance that you 
h v a  f o r  proof, the only concrete evidence, out of the picture and 
i t  is only your word   gain st nine there~$tor." 

Mr, Jeffries suggested: C 

''1 think that can be easily c o r r e c t e d  by merely atating in the 
specif icat ion that the radiograph $ h d l  be submitted t o  the inspectorD" 

Mr. k s e  concurred: 
"1 think that w o u l d  s e t t l e  the thing once a& for fill. . The in- 

t o r p r e t ~ i t i o n  of what constitu%os proof i s  R m,o t questinn' nf bow the 
proof shall be off erod," , 



Mr. Raymo argued: 
"We come back. t o  the point that &as mised yesterday. How 

is Ordnance t o  know that they are not being shown the same radio- 
graph alk the time?" 4 

Mr. &nse replied: 
"It is quite simple; the radiographs are all serially numbered 

and dated, and the plates are offered with the radfographs. The 
officer  ha^ the plate and he has the radiograph." 

Mr. Raymo added: 
"That is all right; you can change that, Serial numbers are 

put on there with lead letters and you can shoot the plats a bun- 
Ured times and have them come up with a different nulmber and iden- 
tification stamp every t i m e . "  

Mr. Jeff ries remarked$ 
"That is  a pretty good reason f o r  the in spec to^ witriessing the 

radiograph. " 

Mr. Swan objected and remarked: 
"Mrl Chaiximn, it strikes me t k t  we nre admitting that there 

i s  almost an accwatioa of dfehonegty here, Thase h e  to be some 
attempt, on the p$rt of everyone cancernad, to admit that there 
is honesty on bath sidea o f  the fence. The fsct remains th&t this 
oallr  for  an X-rw test and i t  appearrs to ms that the on ly  proof 
which will f i t  into ern X-ray t o s t  i~ 'an examination of the X-r$yrs. 
That is all t k t  is neceesary. And I think them is one other 
phase of t h ~ t  wherein if the ingpector, the Ordnance inspector, 
dieagrees with the interpretation of the.X-rw, that is his p r i v  
i loge,  t o  sw that tho  welder is not qualified ahd t h e  is also 
included in the specification as writton. T h a t  is part of the 
proof. I f  he besn ' t  agroo with it hfs  word is fiaa3." 

Mr. knss disagreed and remrkedt 
'Wa d.on1 t agxee with that, If i t  i e  the e o n t r a ~ t o x ~  e Job t a  

qualify tho welder we w i l l  pormit the Ordnanw iqspector t o  argue 
against the qwif icalion, but we wan1 t perhft him t o  throw it but. 
If we consider that his argument is ~1 valid one and the X-rw tech- 
nician can1 t ngree with him, then it goes from him to the Chief Yet- 
allurgist. If tho Chief Metallurgiejt c w ' t  rrgree that t h ~  argumant 
La valid, then the th ing  goes t o  the Works MRnager and the Senior 
Ordnance Inspector at the pxant. Their word is final.  

"Wo wont t permit Ordnnncs t o  have tho final word because the 
legal interpretation o f  the wording of  the specification is that 
the contractor does the q a i f y f n g  - not  Ordnance. And we won't 
allow that Ordnance has the f ina l  word because fn that caee Ord- 
nance doea the qualifying and not the contractor. T h a t  Pa the legal 
interpretnkfon of it. The inspector can shut the plant down, Mr. - he can stop the plant. We have no objection to h i s  doing 
t h ~ t ,  but w i t %  the wording of this ~ ~ e c i f i c ~ t i o n  thd contractor h e  
the final decision, Tho contractor qwilifioe the welder, Please 



change the  wording Lo permit Ordnance to qualify the welder; then 
we wfll back down and givs  Ordnance tho f iml word." 

Mr. Clark remarked: 
"Mr. Chairman, as a v i s i tor  who is not welding armorsd vo- 

hiclos ,  but one t h a t  has had quite a bit of experience with in- 
spection agencies, I very much s q r i s o d  t o  h e ~ r  such n dis-  
cussion a t  a meeting f ike t h i s  bacauso the prime purpose of t h i s  
m e e t i n g  is t o  help win tho war. These arc things t h a t  ought t o  
be taken care of in our own backyard! Other people aro doing it 
- day in and day out  - and it seems to me wo aro wasting a l o t  
of time," 

l o  which Mr. DRnse replied: 
"Mr. Chirmm, I refuse to subside, We hnve been quibbling 

in our own backyrtrd for months, and we cannot g e t  the argument 
settled, rad wo would just love t o  bui ld  more vehicles and help 
wYn the warmfl 

Col. Zornig commented: 
"Well, I think tho question has boon tharoughly afrod. There 

is no ono in hero thnt can make a find docis ion oxcapt the Tank- 
Automotive Coator. I think wo have haard enough on tha subjact 
from a l l  sides now, ~ n d  wo have other bnsiness. I think wo ought 
t o  movo on t o  it unlass  thore is some objection t o  thnt," 

Lt. Randall  reportad for the Electrode Group: 
"T!ie principal subject discussod, in fact, practically tba 

only  subject discussed yesterday at the Elactrode Group meotini: 
wae a proposed electrodes specif i cn t ion ,  It is not kntended t k t  
Ordnance Department welding specifications w i l l  require that fab- 
ricntdrs uso 0nl.y elactrodaa coverad by the spocif l cc t ion .  f n 
o ther  words, t h i s  specif icat ion is n o t  intendoh t o  rostr ic t  rr fa%- 
ricator t o  tho use of only  the electroGos that  have bean found t o  
be in compliance with tha proposed spocif i ca t ion .  The primary p w  
pose of tho e p e c i f i c ~ t i o n  for oloctrodea is t o  proviila tho necosshry 
t e s t &  t o  insurc t h ~ t  olectrodas of n givan grade, Wpo and clnss 
a r z  essentially idcnticd.. Approval of a brnnd of olectrodos, in 
any particular gmde, t ype  a d  c l~ , ss ,  ulzder this specif icnt ion,  
w i l l  oaerato t o  e l imina te  tho nacessity for b a l l i s t i c  qualification 
of that brand by an indivf dual f abricntor, prov iaed thnt f sbricaf or 
hpbs previously q ~ ~ z l i f  f ea tho  s m o  woldlng procedure with $no thc r  
brand of  the  sane grade, type and class. In o thc r  words, t% par- 
ticular fnbricetor using a single waldirg procedure w o u l d  be per- 
mitted t o  u s e  aw elsctrode of t h e  shmc grade, type and class as 
that used in t h o  origi-ml ballistic qualif icn-tion t o s  t mde. And 
the o t h e r  i tom, which of couraa is fun6arncnta1, is t k t  tha use of 
electrode reqviroments of t h i s  specif icat ion does nnt In nny ww 
constitute ballistic acccptnace or zp~rovnl  o f  any wold produce8 
therewith, Wolfis ranain tho ~ o s p o n s i b i l i t y  o f  the fabricator. 

II Tho quostion of color tipping, as the Fabricators' Group 
knows, was discussed nnd no dof in i t e  U c i s i o n  wns arrived at as t o  



whether color tinping was ndcsssary. Moat of the electrode m a n u -  
facturers,  of eourse, w a n t  Fa eliminate it. T3e ITavy Department 
is inclined t o  i n s i s t  upon i t  on their electrodes, 

"New core wire standards, with slight changes, were agreed 
upon and I w i l l  read those in case any of you would l i k e  t o  take 
them down. I ! ? r i l l  indicat el what changes were made campred t o  
those recomrnenda.tions now in the hande of the War Production Board: 

"Type 307: Carbon, .07 t o  .k5$ (that represents an increase 
of 3 points in maximum carbon content}; manganese, 3.75; silicon, 
,25 t o  ,6@; chromium, 19.5 to 21.5s (that is a shift of  1/25 up- 
wards of that chromium range); nickel,  9.0 t o  10.59 maximum; sul- 
phur, .o$ maximum. 

"Type 308: Carbon, ,07 to .l5$ (again an increase of th ree  
po in ts  in meximum carbon content): "manganese, 1.6 t o  2.&; s i l icon ,  
-25 t o  ,60"k chromiuin, 19.5 t o  21 .5~  (that represents a ahift of 
I/$ downward in chromium on that  material); nickel, 9.0 t o  10.59; 
malybdcnum, rofiiUuaL only, r c ~ o r t  reguirod; phosphorus, .04$ maxi- 
mum; sulnksur, .03$ maximurn, These core t i ire specificatibns as 
drafted wers, af tcr  a groat deal  of argument, agreed upon, The 
Navy Department indicntod it i a  t ho i r  p l m  to ravise their elec- 
t ~ o d e  specification to include these two core wire compositions, 
and in Addition have proposed a requirement for a minimum r n t i o  
of chromium to aickol of t w o  to one, It 7 . a ~  this r a t i o  which caused 
tho most discussion. The core wira producers, in order t o   void 
immediate q n l i c a t i o n  of this r a t i o ,  made r: concrete proposal as 
t o  the procedwo which thcy would at tempt  t o  f o l l o w ,  They rgrecd 
that tho i r  welding instructions wer8 that they rcpuiro 20.5$ 
chromium and 10.6 nickel,  and steted that  9l$ of dl heats would 
f a l l  within tho rznge of 20.2 t o  20.$ chromium, a d  9.75 t o  10,25$ 
nickel. f t was t h o  rocommendn,tf on of the  Group and was cnrriad as 
a motion, Ghat i d  be suggested t o  the  Mnvy that they withhold for 
R 6 0 - d ~ y  t r i d  ~ c r i ~ d  the apnlication of the two  t o  one ratio. 

"!?he specification undcr discussion yes tord,ay t r i l l  include the 
core w i r e  malyeee but  no reference to tha ratio. Tho dsposf tad 
m n t d  raquiremants wore modified f rom thosa shorrn in the draft of 
thc spcc i f i c~ . t i on  which w a s  nasscd out in the-committee meetings 
yesterday to read as fol lovrs :  - lIGrr.de V: Cmbon, b . 0 7  to .17$; rnnngmeso, 3.3 t o  4.75s; 
silicon,- maximum; chromium, 18.0 t o  20.5s; nicke l ,  9.0 t o  
10.745; molybdenum, 0 t o  I.@;. It wns understood at the maeting 
that the N ~ v y  renrcsentativcs arcsnnt h?d rp;road to recommend 
thet thair Grrtde V melysas  c o r s o s ~ o n d  with o u s .  

"rdc V I ,  about which more b r i l l  be said l ~ . t e r  - C,mbon, 
-07 t o  7 ;  nongcncs~:, 1.25 t o  2,2595; silicon, .g@ m c r i m m ;  
cbrornium, 1g.0 t o  20,553; nicke l ,  9,O to 10.75; molybdenm, 1-85 . 

to 2,258, Thero wcrc no piosphorus a d  su l~hur  limits speci f ied,  
al though this matter of phosphorus was discussed in considerntic 
detai l .  It waB frcn!.;ly rd;nittod thzt no one hew cxnctly whero 
thcy could safsly bc ~ u t .  There is prnc t i cn l ly  no dp4tc ~lv,rtil~hle 
indic~.ting the e f fec t  of phosphorus an rill r n c L ~ L  compositions of 
these typos. The Navy Dqzrtmcnt hns Lagreod t o  institute ~m im- 
mediztc study of tho offect of phosphorus on thoso ,all-wold metals, 



Zt .  Col. Rickrdson propdeed s question: 
"The Stoo l  lnddstry Advisory Cornittoe, which is EL cornittoe 

of operating oxecutives i n  the steel industry m d e r  the geneml 
ohnrga of tho War ~4oduetion Board, have m d o  the etatonant. and 
havc nskad for R chqck of the f,wt that certnin types of nmor, cer- 
tain compositions, :o mde b - ~  various p r o d u c e r s  require nora welding 
than do o the r  c o r p 6 s i t i o n a ~  You see, the S tee l  Industry Advisory 
Cornittee had the l t s t  word, in large neasure, as t o  the composition 
of  armor  and rsquirenonts, and apparently tho idea back of it was t h a t  
c e r t n in  corzpoaitione might bo satisfactory, from R conservation 
st~.ndpoint ,  i n  t h e  +or, but requires the expondi ture o f  so much 
welding r o d  t h ~ t  the  end result wasn' t a savfngr" 

I 

As soon as t ha t  i n f o r b t i o n ,  as t o  what limits can be established, 
ia available it is adticipated that it w i l l  be entered in t h ~  speci- 
f ication. 

"Grade VI elect!ode was discussed by the Electrode Group 
which, of  course, wad r ornewhat surprised by the recommendation that 
came from the Y a b r i c a t o r s t  G m ~ r  Unfor tumtely, as Colonel Zornig 
mentioned. the Face-Ifardsned Fa"bricatoral did not have a meeting 
yesterday, and they +ve been t h e  principal advocates of the  Grade 
VI type electrode, 4t was not  f e l t  that i n  the absence of an opinion 
from t h a t  Group the Electrode Group would care t o  recommend the  de- 
l e t i o n  of Grade VI at  this time. A t  the close of  the meeting, a 
motion was unanimously carried s t a t i n g  that t h e  Wectrode Group 
believos that this  syecificalion is the boat that can be arrived at 
a* this time, and recommends its acce-ptmca by Ordnance. n 

Col, Zornig rermYkad: 
"In connoctfon yith the maintanance of the Gr~de V I  type of 

electrodes, i n  the specification, I want  t o  point out that, of 
course, the  ~ o r m ~ e n a f u s  Babricators are not compelled t o  buy any 
of those. But rather than eliminate thum ontirely f rom some specie- 
welding process that might need them, you could j u s t  as w e l l  lonvo 
them i n  t he  q e c i f i q r t i o n .  We mog w a n t  to add other type8 from 
timo t o  time as o t h a r  special noeds come up, but t o  consene moly& 
denurn, just don't  bw any Grade VI. Buy Grade V. Because the alec-  
t rodo t h t t  you f o l l o f s  use i s  s t i l l  up t o  the  f ~ b r i c n t o r ,  The only 
thing this spocificntion nccomplishes is t h n t  if YOU qualify with 
one rn&orls electrodPo t k t  agree w i t h  these specif i c n t i o n s ,  t h a n  
you use without r e q y l i f i c n t i o n  other  mRkarls oleotmdgs th?A 
comply. I t  is simply an ~,ttempt, as T soe it, to cut down on this 
e v c r l n s t i n g  adsing olf H plates. Novr, a x o  t h o r e  any discussions on 

@ Mr. RpOlmo remrkod: 1 
"I was just w o p s r i n g  whettsr Cblonel Richardson is d i s c r e ~ t l y  

tho 1;~ork of tha 
of this s p e c i f i c a t i o r i 7  
meeting I was l a d  t o  
f i c ~ t i o n  was aimply 
I can assure you thy t  
a lot of poople bqma 

Electrode Group which i s  essentinlly t h o  p r e p r a t i o n  
I might say, incidantnlly, that at thc  last 

bolfm+a @sat the  propnration of such n speci- 
something that could be done in 10 minutos, but 

i t  was not. I t  has been n very hard job. and 
b d  t o  work on it." 



amking about the relative +eldebi l i ty  of armors. Certainly there 
are some asmors that yov start to weld on, your welds crack and 
you chip that out, and yourequil.e twice as much electrode as you 
did for an armor that doesn't  crack when you are welding it.' 

hl. Zornig commented: I 
'1% is mastly a function of the m P l 1  rather than the composi- ' 

t i o n  i tsel f ." 

There were cries of 'No, L" buf upon Col* Zornlg' s request there were 
none w i l l i n g  to  come forward &nd offer aq explanation of the question. 
Mr, Brady commented in ref erenc* t o  the new electroae specification: 

"1Lccarding to the war1 Production hard, we apply for nickel 
and chrome by the first of the month for the fol lowing 6~+aay 
melt, then we have 30 days t o  melt and 30 days to produce, which 
means about 60 t o  90 days m i n i m ,  T h a t  then, add.ed t o  another two  
or three weeks or possibly/ 30 days more for the rod manufacturer 
t o  put it in processl w i l l  mean about four months from now will 
be the time that the f'abrdcatorb actual ly rocoire th i s  new ~nalyeia." 

And Dr. BrUq added: 
" b l o n e l  Zornig, I mi,ght add to  that that a9 far ns this is 

concerned, somo of these rill undoubtedly start t o  change without 
the neoossary f o d i t y  ofj going through the Yat Production Board 
because the change in anaLysfs is vary slight, The principd. dif- 
f eronce ia the t w o  t o  one ratio, which I might add, the core wire 
producers object to. I w?ld l ike to go on record t o  that extent. 
.But. herrertheless, that change can be made without going though this 
process and w i l l  undoubteqy a t n r t  on Monday, which will ahorton 
that time somewhat. Howeqor, you must remamber this - that there 
i s  a 10% of wterial in proceas between the melt" and the receipt of 
material by the ecnmmer, lthc fabricator. Consequently, tha t  w i l l  
be shortened eomewhat, but it w i l l  be e minimum of 60 t o  90 days.  II 

This situation indicated by Dr.1 3 r d ~  moused a quo~tion from Mr. &err: 
" W i l l  we be able to get eloctrodos? Small qwntitiss! 0f 

electrodes f o r  qualificstjon purpose in advance o f  that time? 
I understood you to make a remark that l e d  me t o  believe that." 

Dr. Braley replied: 
"Colonel Zornig, in answer t o  that *a t ion  I mf ght sw this: 

I w o u l d  assume that at thp ppesent time there is somewhere between 
75 and 90% of dl the elactrodes being produced which falla with in  
this naw specif lcation." 1 " 

And Mr.. Brady added: 
"I certainly wouldn'l put the f igure over 75$, I would be 

more inclined to put it at 50% of the wire which is being Y&.nuU 
fastured today would fall )within this t w o  t o  one ratio, but it is 
the other 50$ outside o$ the two t o  one rat io  that we find is w h a t  
is causing the trouble in tho fabricators' shops, cracking uld so 
forth.  So it v i l l  be f o u r  mnths, I muld say, before we have tb91 



trouble of cracking 
whole. t h i n g  is for, 
four months," 

The situation with e l e c t r  
"I bel ieve thsr 

Now, a large numbar 
electrode mmufsetur 
spect I don't think 
We have ordered on t 
three months before 
befora we can start 
in 60 days. Wa cer t  
a t  hand at t h i s  time 
we are  talking about 

Mr. Emery comentod: 
"Thore m i g h t  be 

these that they waul 
that question was t o  
we did get  tho elect 
the-t we would.ri4 t dcl 
able - and it wouldn 
us a month t o  quczlif 
waiting for olectrod 

Mr. Fugate suggested: 
" Col one1 Zornig 

i f i e d  now in using a 
rmnufac turersl respo  
specif i cx t i an  accord 
think it is g o i n g  t b  
or the =n t h ~ t  is g 
other  than just star 

To which L t . Randall 'rep1 
"Mr. E'ugato, th 

b.ve t o  bo tied in w 
t ions  which bear no : 
you don1 t mind, 1 th 
t i a n  until ve g e t  n 1 

in tho welding speci 

Ilr , Emery expla-ined: 
"If you climina, 

I evidently backed tl 
why I am so anxious 

An interpretation was sugi 
" I t  aoem t o  me 

who is using r&ngme: 
Grade v, All of tho: 

horoughly undar control  + T b . t  'is what thfs 
!ye \vonl t h v a  a foolproof product before 

de wnufacturors was outlined by Dr, Miller: 
is some confusion regwding 307 . a d  308. 
f fabricators lmva requested thet we have 
rs change t o  307 base wire, and in t h t  re- 
hero is any on  the market available to-. 
e three-month basis, so it will be ~t l e a s t  
e get thfs old  3O$ worked out of o u r  plagts 
n tho 307 men if the  mills start o n  it with- 
lnLy onnit sorap al l  tha 308 h a t s  we ~ R V G  

I believe we should koap it straight whothor 
307 or 308." 

some brands t he t  can & r a m  qua l i fy  undor 
i m e d i ~ t e l y  start on. My object in   el king 

t a k e  up the interim i b  q w i f y i n g  so t h ~ t  when 
~ d e s  we would bo raady to shoot on them; and 
y vhen that electrode was the only one avail- 
t be avnilabls for three months. If it took 
, which is very l i k e l y  t o  happen, we would be 
B for another month," 

it seems to me that* if R, f~bricntos is q U -  
electrode end it is going  t o  ba the electrode 

s i b i l i t y  t o  qualify this rod under the new 
rig t o  Lieutenant Randell ' s s tatemant I don' t 
be nocossnry for the  f r t b r i c ~ ~ t o r  of the tank 
ing to use the  w e l d i x  wire to do anything 
.to use  tho  wire when it cones i n t o  the plant.w 

3d: 

L is an adninis t ra t i f re  procoduro which w i l l  
th tha Ordnance Depm tmant ?.rlclding Specif iea- 
 lat ti on t o  this electrode spocif  ication. Tf 
nk we had better defer the answer t o  thnt ques- 
mnce t o  see Just exactly w h a t  change it nehns 
Icntions." . - 

3 Grade VT, w h y  I w i l l  have t o  requalify. 
3 wrong horse, I backed the moly; thnt is 

get electrodes t o  requalify*'' 

3sted by Lt .  Pless: 
that, just t o  qualify it fi l i t t l e ,  everyone 
3 need not requalify - if they plan t o  go t o  
3 o t h a r  p a q l ~  are go ing  t o  &.re t o  requalify 



on bal l i s t i c  tests.  For those people who use electrodes falling 
under the bade V type, but outaide of the new chemical rgnge, it 
seems t o  me they are a l s o  going t o  have t o  requalify their posi- 
tion, And those people who are using an electrode which f d l s  
exactly wfthin the chemical and physical requirements of this specf- 
f i c a t i o n  at the present time, the procedure under which they have 
qualified i a  such that thqr w i l l  not have to requalify. T h q  will 
be ready t o  go and can use any of the eleatrodas which qualify them 
under th i s  electrode epecif icat ion. " 

Lt. Randall remarked: 
"Colonel, I think i t  i s  fairly apparent f r om what Liautenant 

Pless said that there i s n ' t  a ' yes1  or 'no1 aqswer t o  that ques- 
t i o n  about requalification and it is for that reason that I sugset  
thnt we withhold d i n g  my definite commitments until we have had 
an opportunity to review tho s i t ~ t i o n . ~  

An urgency was explained by Mr. Emery: 
"I have a mass of plntes coming in now. I don't want to 

qualify thoso under the moly q u ~ l i f i c a t i o n  and as 10% as every- 
body is here I would like t o  hhvn some informat ion  on w h a t  eloc- 
trodehi w i l l  conform with this new spacification so f can qualify 
thoeo plntes immediat oly.  " 

A purpose if the new npecificntion was pointod out bp Dr. Miller: 
Tho object of thia was to  improve the electrade. Now, if 

you have already pftssed y o u r  qualification t e s t ,  with w h a t  wo k n o w  
to be an inferior nnpJysis, just bgcauso wo increase ohr chrome- 
nickel ratio t o  mAko it superior, 1 don1 t see ww we should have 
t o  go through any more qutdif icnt ion tost& on t h t b i t  

Lt. Randall empbsized: 
"Colonel Zornig, there 58 one thing that  there seemed t o  be 

a alight misunderstanding about, I believe f stated it, but mqbe 
didn't make it clear onough. T h a t  is that insofa* 8s t h i a  speci- 
f i c a t i o n  which was approved by the Electrode Group yesterday is 
concerned, at the present timo that two to one r a t i o  i a  not a 
d e f i n i t e  pmt of it and I think that these questions of d o t a i l  as 
t o  wbet electrode is going to Pall rthbro and so forth, are ques- 
t ions  tk-t c a n t t  ba set t led f i t  a meeting of t h i s  ~ o r t . ~ '  

And Mr. Thome roma'yked: 
"Colonel Zornig, in answer t o  Mr. Emery's question as to  - 

what electrode w i l l  meet tho present spec i f i cat ions  t ha t  A r e  on 
tho markat now, any electrode thnt  hes passed the present Navy 
specifications is i n  l i n e  with tho present Ordnance specifica- 
t i ons .  I think you w i l l  f i n d  tb.t the Navy actually 1s using 
these electrodes,  so I think you w P l 1  find on the market electrodoa 
to meet tho now Ordnance specifications," 

Mr. Goodford raised a question: 
nColanel Zornig, thero soems to bo a trend towards the Grdo 
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3lectrodo and wa might forget &bout G ~ d e  Vi, Somo months back, 
the Navy meetilsg in PhBla@alphfls- we thought or d e ~ i d o d  that 

r electrode a t n e l  which would not conform t o  the Nnvy epecifica- 
In would be oatisfactory for the Army use. Now, if we go t o  
rde V manganese modff icatf on, it seoms that we don' t have as 
:h recovery on that becnusa it ienf t as f lex ible  as if wo add 
Ly t o  it, f am Rfraid wo are going t o  some hoata thr.t will have 
bc rajocted. Wo have+ a heat n o w  with I$ moly; it could no t  

3 t  the tast. But if wo went t o  2% moly, it would ment it with- 
t aqv kroubler The consapeus of opinion  aoems to be, of tho 
3ctrade people, th,t you must htavo n rat io of two t n   one^ If 
r do not  have thnt ratio, w h t  D ; ~ C  you g o i n g  t o  do with the 
kt? I am just pofnting out the trond, " - 

Col. Zorni  roplied: 'Wall, 1 don't kflow w h a t  thnt i s  going t o  be. Now, nlnd you. 
nobody is taking Grade VI off of the mxkat ,and snyono who chooses 
t o  buy Grado VI can continue to buy thorn u n l s s s  tho War product-ion 
Board cracks down on then end wonr t let yoti. It a lao  saans thnt 
tho Face-Hardened people nre tha  ones who still usa a great deal of 
moly nodifiod,  and d o n ' t  know how t o  gct away from it. I b V o  a 
ena,akfng hunch thnt there  w i l l  be plenty of market for it if you 
have heats tht w i l l  be converted i n t o  Grade '71. I think you w i l l  
find plenty of buyers f o r  it ." 

Mnjor McInnoa ruportod on Aircraft Armor Fabrication; 
I'Tbero are in t r a n s i t i o n  spocificatinns from the ala Amy or 

Navy ty-pe over t o  an Amy-NRvy standard. In noither o f  the types 
coming Ento  being is there any requirement for a rno r  plat6 t o  be 
welded. It was decided to eliminate that fnctnr. In many casas 
the fabricator o f  the armor plato is not getting enough informa- 
t i o n  f r o m  the armor plate mafiufacturers t n  knrw whether that plate 
is anything l ike  the previous plot0 he roceivod. In addition t o  
thnt, they EFC fabrfcatihg structuroe wherelh the mmnr plahe is 
becoming nore highly atressed than previously, Thore are no. pws- 
i c a l  requii-omonts f o r  the plate in &he aperiification&, but the 
fabricators dosiro i n fo rma t ion  a s , t o  tho physicnl properties of 
the arnor plato. Otharwiso, thay w i l l  have t n  do cons idor~ble  
testing - physical and chomicd of their own, The main thing 
they have boon interested in is gettiw that infnrmticrn f rnm tho 
plato mnufactWors. 

"Anothor pnrt nf the prcgram that wag previnualy ~ t s r t e d  in the 
las t  meeting is t o  datermine the effect  q o n  c l ip  thickness cf the 
variation that you nay havo in tho d i f f e ren t  amnr plnta thickn~sses 
which w i l l  bo available f o r  the aircraft manufacturer, Some t e s t  
plates b v o  already nsrivod a t  Aberdoon but not i n  time to  be firod 
before this doeting. Xn addition t o  thzt, a request bas been E n i t i -  
ated t o  s o t  up and develop a ppogrm of study of stresa in aircraft 
structureer The f o r m a t i n g  of that request IR going t h o u &  the 
paper work G tago" and so far sooms t o  be gfiing without anyone s toppix  
it on the rsd tape set-up, 



"One thing oame ug in a discussion of whether a program 
should be s e t  up t o  datermiae the weldability of the varf ous 
analyses that are now propoBed for aircraft armor plate. It 
seemed t o  be the consensus of q l n i o a  of the majority prerrent 
that after they did get the results of  certain weldability t es ts  
such as the sf nglrr bead on a flat plate, i t  w o a d  nut do them 
much good as  fa^ as the shop pPaeedure is cohcerned, especially 
if they had no basis of reference and with someone new just get- 
ting started in the work." 

Colonel Zorn3.g remarked: 
" I  would Just 1tke to mention that the a i r c r a f t  fabricators, 

in addition t o  makm of aircraft, are designers of a-hrcraf t and, 
therefore, thoy have tcrtain problems i n  connection with their 
armor which tho tank fabricators don't have- And, you will find 
often 'In their discussions that they seem t o  be wandering off in- 
t o  the subjeuts which the tank fabricators don' t have t a  consideran 

Mr. hoper reported for the Rosistmce Wolding GTpup: 
"ince the last mesting i n  Philadelphia there haa beon dothing 

that has requirsd the a t t e n t i o n  of t he  & o q ,  but thia doeantt mean 
there & s n t t  been work going  on as f4r as research is concerned. 
Mr. Mikhalapov w i l l  give you a report thia afternoon, and we f?.r 
as production is ooncerned, the ano biggest f a b r i ~ a t ~ ~  using re+ 
sistmce welding i e  using about 30 machines and obtaining very 
satisfactorg resdta.  Ho has been spot welding moatly 5/16'' hard 
homogonooue armor plate t o  low carbon steel attabhmenle, The 
flesh welding has not  -p- ograssed t o  m y  great exlent, and per- 
 hap^ we w i l l  have more t o  roport to you next tima," 

Major Coombe reported for the Specificntions Group: 
"Tho activitie$ of the Specification Group have 'been confined 

i n  the past two months solely to  this electrode spacif f cbtian. 
The individual member a of that Group have given qs a grant deal 
of assistance on th is  electrode specification, The @row mat last 
night and rahashsd the recommendations of the Electrode &up and 
tho  Homogenaoue Amor Tabricatorst Group* Lieutemt ~~1 has 
given ybu the report of the Electrode Group and thore is very lit- 
tle that the Specfficatioa% Group can add t o  that, with the excep- 
t i o n  that the Group msde a urnanimoua motion t o  recommend the passage 
of this- specification on to Ordnance, and its acceptance." 

Mr, Reymo reported for the Armor Liaison Group: 
'As regards mat armor, the Ordnance Department has recently 

taken steps t o  make recommendations t o  the foundry people to make 
mrs use of the X-ray equipment that they have, or that they ehould 
have. And, the practices that have been recommended t o  tho fouldly 
people with a view t o  W i n g  more soarching a d  thorough examina- 
tions and atudies of thei r  style of castings before putting a given 
type of casting into production and passing them o n  t o  us is c e s  
tainly sound and should resu3t in much .improved quElity of castings 
over what we are getting now, though castings aa ta whole are very 



good. ~ . n d  doeidfsky much batter than they were a yenr agor Some 
of .the difficulties t h t  wa were three ~ o n t h s  or slix months 
ago as regards dinonmianal diacrbpaauias been corrected t o  a 
large degsao, find most of t ho  fabricators report s a t i s f a c t i o n  
with the s i z i n g  of tho platesl es well  as the condition relativa 
t o  laminations and other mechanicdl faults tb,t havo chnrnctorized 
these plntes i n  the past. Thcro aro still n coupla of tho c o w  
p o s i t i o n s  tha t  aro not na readily weldable as we fool that wa 
would l i k e  t o  lw,vo and beliove possible. 'Tho i tRb that were pro- 
sented relative t o  reeults obtninod with different tochniquoa of 
deposition is certainly v e w  eignif i c a n t  and very pertinent at this 
time. We f e e l  t hn t  the further study that wo propose t o  d e  of 
a t t e q t i n g  t o  cor re la te  the rasponse of  a given $ype of nrnor t o  
techniques of  doposit is very definftely going t o  toll us w-hat type 
of R X ~ O P  :ha6 the bast weldabi l i ty  charncteristfc, ~ n d  it f e  the 
one that we should insist be dolivorod t o  us. T h a t  i d  t o  s q ,  wo 
b.ve the multiple L ~ o r  nethod ,md tho f u l l  wenve with m i n i m  num- 
ber of pads method o f  deposition, If we find thnt a given type of 
armor responda oqwlly well t o  both techniques of deposition, i t  
would certainly indicate, ns rogards the method o f  p l a t e s  passed 
and the  numbor failed, that tho plate f s superinr t o  another typo 
that might hav0 3 maximum nwbr o f  failuros recorrZed w i n s t  it, 
using both techniquoe. It is a rat!zer l o n g  w a y  around to the p o i n t  
o f  ge t t ing  down t o  unifnrmity af coriposltian or armor, a s  would appear 
to bans been now a t ta fnad  on our electrndes, but I think that at our 
next moetfng we are going t o  h a v ~  a pretty definite indic~tion of 
a single armm c a x p ~ s i t i a n . "  

With reference t o  a single armor  coqns i t ion ,  Cnl. Znrnig remarked; 
" A l l  of these amnr mnnufacturera, of course, have been beat 

down on t h e i r  alloy until their hasdonability is right smack on 
the edge 9f whore they can manufacture, and a cnuple nf then have 
at times gono t oo  fnP and h ~ v e  had t o  back off a l i t t l e .  h d , ,  1 
h v o  heard it atntad on pret* g o d  authority t h t  sone of  thorn 
cpuldnlt get the quanchin,: equipment tkt it tnnk t o  hAndle thv8o 
al lnys  of  lower hardonability because the War Production h a r d  
wcru1d.n' t given than priorities on quenching equfpmcnt, Now, yoq 
can' t beat a ran down nn nl loy ,  if you wr?nt t give him quenchiqg 
equipment * "  

, L L  Col. Richards~r. added: 
"Of course, one reason fnr EL variation i~ cornpositifin lies 

largely in the scrap situation. Sono m i l l s  producing m n n r  h.ve 
a aurplus of a l l~y -bea r ing  scrap, You should be- in ~ i n d  these 
figures, tht n f  every i n g o t  of a l l o y  s t o o l  mde, over 645 n f  it 
ends in the SCTRP p i l e ,  Out of avory i n g o t  ~f ~ l l o y  steel .=do, 
25% ends in. turning which, with t o d a y i s  p r ~ ? ~ u c t i o n ,  is a prablon 
t o  dispose  of. It is a t e r r i f i c  problem t o  aupply outlots for that, 
particularly the turniq<s, which aro nore or lo.ss unpopular with the 
s tee l  industry, and soao of the a l loy  makers c r  amor &era have 
a surplus nf this alloy scrap, A&, that nnre than pmbably.any one 
feature i s  responsiblo .for their armor cor;rpositicla as agalnst some 
of the apparently loaner ones." 



Col. Zornig continued: 
"he caet armor poop19 are practically d l  now operating on 

three typea of compositionao !l?here are- amall variations Mithia 
these types that are not importsnt. The rolled amnor plate manu- 
facturers are making essentially four vpes o f  compositions. 
There are minor variations aa far as composition is concerned in 
theae four  types which I dbn't think is probably of  any importance 
as far as weldability is concerned. I have recently got ten  some 
fnformntion thich leaas me t o  believe that possibly the rolled 
armor compositfons w i l l  ~ B O ,  in the not too  distant future, be 
reduced t o  three general types. I don't believe that we w i l l  ever 
be able t o  get down t o  j u s t  one type of armor because of  the scrap 
situation and the variations in furnace equipment that e x i s t s  i n  
the various plants tb,t are making armor. So, I don1 t believe 
you will ever get dawn t o  just one composition.n 

er lunch Mr. Mikhdapov repasted on NRC fdeldfng baamch:  
"To B tart wf Lh the homogsnoous armor, we h~"v e concentrated 

mostly on methods of welding armor plnte with ferri tic electrodes 
prior t o  heat treatment. We have reasons t o  believe t hn t  we w i l l  
abtain very much superior jo ints  i n  this manner ~ n d  i t  would seem 
that as long as some form of heat treat$r,g or stress relieving by 
applying h0ht is nacessarg, we might j u s t  as well go the whole 
hog 'and give tho R r m o r  a complete heat  treatment after welding. 
We have b o d  vary fortunate t a  g o t  very excellent co-operation 
from Standard Steel S p ~ i n g  people, who ha.ve g ~ t  up a welding- 

EO~-up and put It  nt our disposal and are working with . I think that w i l l  emblo us t o  f i n d  out o v e n t u l l y  tha  
type of sssenbl ios ,  let us sny sub-assemblies, which can be 
processed Pn this mnnner, IToedless t o  say, the ad~rnntages will 
be thnt you will have a practically honrogeneou~ asseribly with a 
j o i n t  strength equal t o  that of pe.ront platea.  1% fire ~ l s o  try- 
irg t o  lay some findamentals on the mount of preheat required 
to  completely oliminnte cracking with different type? o f  electrodes. 
It has been serf ffiirly def inite ly  proven that a noly electrode 
poaseseing R fairly high strength is eseoqt3al i f  tho welded parts 
m e  t o  be mnde out of armor. T h t  noano t h ~ , t  Gone fo rm  of preheat 
16 alnoe t irparntllvs. 

"Recently we have bean cheered, By the A m y  telling ys that 
they have w h ~ t  looks aw a fkfrlg satiafaotory t e s t  f o r  half- 
inch armor, Half-inch wmr md-lesg is used quite eletensivsly. 
The problem of welding hnlf-inah nrmr is very mch easier thbn 
welding 1-1/2", and we should hatre started on t h t  lighter armr 
in our thermal electrode studies were i t  not for tho fact thnt un- 
t i l  recently there was no very good, o r  better,  w a l l  accqted t e s t  
for shock testing than half-inch armor,  Now thc t  such a t e s t  ap- 
pears t o  be available, we are concentrating v e v  much on both 
the hand an& Unionnelt welding af 1/2" c.mor, spurred an by the 
fact that one of the fabricator8 has a c t W l y  welded a nunber of 
half-inch weldnents with Vnionnelt, using a f err5 t i c  electrbde, 
b ~ f o f e  he had t o  stop due t o  o t h e ~  muses. I t  i s  our i n t en t t on  
t o  gnther onough datb on tho vasintfons t o  be ~cceptod  in unionmelt 
welding of 1/2" plate to enable tho OrdnEuice ,Dapartnent t o  mke 



soma aecision, o r  at least form sn opinion, on how ganers lb  + 

this pmcs$s should be permitted, T h t  izs, the fesritic Union- 
melt weldlng o f  half-inch armor. 

"On our  old friend the explosive t e s t ,  we are still trying 
to f ind  out  some way of taking the stresses i n t o  ~ c c o u n t  in 
testing different welde. We know we can t e s t  very nicely dif-  
f erence in the imp~c t  resistance of wold meterl. We do not know 
t o  what extent we can t e s t  locked-up stresses, We went so far 
aa to make a number of platos, 15" wide x 15" long, which were 
in effect torture platoa, and we made, them of two types of d o c -  
trodos, an4 we t o s t o d  them by means of explosive t oste .  Well, 
we g o t  a big dfff orenca betwoen thew, but it was moro or less  
between the s,mo proportions ae tho  difforcn ce we g a t  in the 
smller pieces - on tho 2" wide pieces - using the s,me types 
of electrodes, so porb-pe wo hnvonlt g o t  qufto the right stresses 
there. Of course, one thing about an explosive charge, i t  is 
easily applied and can be applied accurately. On the other  hand, 
we doaft know L h t  its effect is exactly thnt of a projacti2o. 

" A  smnll m o u n t  of drtta wc hrw~ indicate that it would bo 
unwise to try t o  wold facehardened plate, that is, if you hve 
t o  hnvo any kind of n weld which i a  ganer,d.ly accepted sra sntis- 
factory without preheat. But, &wain, 1 sny t h ~  data are too . 
l imited for us t o  R def in i t e  statement. 

"On resistance welding, Professor Hess hns preparod and 
issued for distribution a voqr e l e g m t  report, sunnnrizfng tho 
f ending8 on spot welds in armor  plztor  The report estrrblished 
several r e the r  in teres t ing  facts which I w i l l  not  enumerate for 
you, but sifnply summarize in ths statement t h a t  it appears poa- 
s i b l e  t o  spot wela any steel satisfactorily and with axcellent 
structural strength. I said 'any steelF, and I mean steel '  ; 
~ l n y  s tee l  which is of the type  that m ~ j  not bs wise t o  attempt 
t o  RTC weld without high preheat." 

Mr. Rice commented on Cancadian fievelopmsnts: 
"Calanel Zornig, I haven't g o t  nu& f cnn except t h ~ t  

we have been q o r i m o n t i r g  over a period of the last threo nonths . 

with f e r r i t i c  Pod <and Unionmelt. A t  the present the, we ar0 
welding the sides of n vqhfcle from 1/2" law nllby plate, p n s ~ i q  
the b a l l i s t i c  test succoesfully, Now, t,ht is the Brit ish speci- 
f i c a t i o n ,  We are using No. 40 rod ~ n d  Xo. 80 flux." 

Col. Hanre remarked briefly about British development: 
"I w i l l  j u s t  mention, Mr. gYlnErman, t h t  f understand ex- 

periments a r e  boing c ~ x r i a d  out in England on f orritic weld ing ,  
but n o t  y e t  got; very fw. II 

Mr. Mikhalnpov r enmked: 
"1-fay f sw, u a e s s  you have some form of shnck t e s t ,  f a r r i t f c  

welding i s  now no problen. That is, using. a certain mount o f  pro- 
he&%. It laoks swel l  unless you t ry  to h i t  it with somothjng not 

I1 very sbnx-p. 



The aircraft armr situation in aircraft fabricating sbapa wae 
dlscuased by Mr. kibsrt: 

"Mr. Chairm~ln, I w a n t  t o  ask Ueorgs If hs investigated the 
new plate that is coming out f a r  apot welding - the nitrated 
plate? 'Ehe difficulty we have, we don't know what they nake 
the plate out  of. There seeme t o  be so much secrecy a h a t  the 
whole thing, We don't know w h ~ t  plate we have in the shop. I t  
is supplfed by verioua vendors. Some of i t  is one analyeis; soms 
of it another analysis. ?he only identlf icekglon on thare 1s 
probably a serial  number. I don't know whether I t  I s  (3overnmsnt 
furnished matsrieJ, or  not, After i t  gets  into the shop, i t  more 
or l e s s  loass  i t m  i d ~ n t i t y  ar t o  who fhrnishsd the matorial, It 
would be very nice if we h a  one typo armor t o  work with. f t  is 
eomething narn t o  us, brcsuae in tho alreraft industry the Army 
and Navy spercifichtione haves prohibited welding. That is the 
problem: Thery go up to Engineering and they axe  required t o  go 
back t o  soms of f i ce  earnewhere thousand8 of miles away %a g e t  ap- 
proval on e, process. They 'The h- with it; lot'e rirpet 
it. If they i n s i s t  o n  welding, we would have t o  change a11 o w  
preaont designs, It is a l l  bolted now and clamped." 

These remarks indicnted a certain lack of coordinatioa i n  this in- 
nthnce. Whether such was true of others was not brought but by the din- 
cus sfan. 

With refarencw to nitFfding Mr, k n e e  remarked: 
''3 believe Cadillac waa the f irst  concern this side of the 

water t o  use the nitriding procemre, and we used it for mnny, mny 
year., and wo mad6 many different  kinds of parts out of it - air- 
c ra f t  parte, car parts- and tank parts - but the chsketer istica 
of nitrided steel  thnt wo have ever oxparimsntsd with are not so 
good in irnpct* They are very good in fatigue, but they are not  
$0 good in impact. dndl I would bs vary anxious t o  learn of mJay 
kind of steel  which could withstand inrpact after nitriding. 

Lt, Boucher called attention t o  a rocent development ih manufaoturer of 
facw-hardened armor for welding purposes: 

"1 would 1 fie t o  mention a development, which Mr. Mikhalapov 
may or may not  know about, which i s  baing carried on by one of 
the manufacturers for attaahing face-brdoned mmar, T h a t  is a 
method which eliminates the carbrnizatlon of the edge t o  be welded. 
It is t rue that the ballistic limits in t h i s  zone are dropped some- 
what from the, b a l l i s t i c  limits required of the plate. However, the 
zone in which there is this slfght drop in b a l l l e t i c  l i m P t s  is not 
considered for thnt  typa of fkl)ricatior.t, %qarfmsnts so far hawe 
indicated t b t  balliratic limits cosl ba obtained which w i l l  be 
equivalent to our so-cnllod h r d  homogeneous sulmor, and are at 
least 150 f / a  higher than the requirements far homogeneous plate  
of the same thiokneas. T h a t  sxparimont is goPng on at the present 
time afld is being employed in production, and it looks as though 
thAt deve3opment has verg dofinite p o ~ s i b i l i t i e ~ v  I would like t o  
suggest that  the Air Cmph OF q o n ~  ~ l p o  who ira having difficuPtfes 
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- 
with the fabrf cat ion of face-hardened plate, consider using 
unmasked areas f n the port ions  that are t o  be welded, 

Col. Zornig addsd: 
 hat is s process in which you cut your plate before car- 

bonization, then mask the edges and cebon ize  and heat treat?'' 

And Mr. Jeffries added: 
"It i s  n o t  pramising on 1" plates, On l ighter gauges it is-" 

Mr. Sherman remarked: 
" b l o n e l  Zornig, being from Canada,  I want t o  say that we 

appreciate being Invited t o  these conferences. I am afraid this 
one is t oo  peaceful. I attended one in St. Louis the other  day 
that was n honey. There is something wrong here. There isn't 
enough scrrqping ~ n d  all, but I think YOU tare doing grand work 
and 1 don ' t  th ink  I have anything t o  add," 

&tar some discussion it was docided t o  hold the next meoting in 
Chicago, I l l i n o i s  during the f i rs t  week of June, The meeting adjourned 
B t  2;15 P.M. 

The closing remarks by Mr. Shormcsn wore sigaif icant in that this 
meeting was considorably more pcacoful than b d  been the  two previous 
meetings. I t  was apparont that armor cornpositions wme bocoming mre 
stmdardivied. Ordnance was about ready t o  adopt an electrode specifica- 
t ion  standardizing stainless electrodes f o r  welding armor which, industry 
had been clamoring for, There was some argument aboutinborpretation of 
speoif icrttion requirements for operator gualif icat ibn by ane f dr ica tor .  
Other fabricators apparently had had no serious trouble on this point. 



TWELFTH MEERING 
SUB[X)MMITTEE ON I m D I N G  OF AEZMOR 

SATURUY, 5 JtME 1943 
PdMIR HOUSE, CHICAGO, ILLINOIS 

The twelfth meeting of the Subcommittee was held.  in Chicago, I l l i n o i s  
on 5 June 1943 at the Palmer House -with 139 persons in ettendance represent- 
ing; 

Industrial - Unl ted 'Statee 
Tank Fabricators 
Armor Producers 

34 
7 

3l ectrode Manufacturers 22 
Core Wire Producere 5 
Resistance Welding Equipment Mfrs. 6 
Aircraft Fabricators 8 

Industrial - Allied Countries 
Fabri-cato rs 

Government - United States 
Ordnance Department 29 
ASP Beadquartem I 
Savy Dqar tmen t 7 
Arm Air Forces 3 
War Production Board 3 
National Research Council 1 

hvernment - Allied Countries 3 

Guests 5 

k e  t o  lack of availability of a stenotype transcript of the dis- 
c u s s i o n ~  at this meeting the o f f i c i a l  summary of these discussions l e  
herewith presented. This summary was prepared fram notes made during 
the meeting. 

1. The Alloy Situation 
According to Infortnation presented by representatives of 

the War Productiqh Board the  only metals for whf ch the supply 
is st present greater than tha demand m e  sirconium, boron, and 
titanium. It was suggested that wherevor possible theae metals 
ahould be substituted for tha more dritical oloments; manganoae, 
chromium, nickel, molybdenum, vanadium, tungsten, and cobalt r 

The policy now should be to ragard a l l  a l loys  a9 c r i t i c a l  
rather than trying t o  designate the degree 02 criticalnosa of 
each element become some elements 8ro only potential ly  short and 
no t  actually short at the moment. Auy sudden demnd for one 
element may produce a critical shortage in t h a t  elemant. 

Much emphasis was placed on cutting down the use of molyb- 
denum in electrode coatinga and core wirea ,  and i t  i s  expected 



that  t h o  use of the molyb@om modified 1111 Etninleas electrode 
w i l l  be rostriceod to tho wolding of f~m-h&dencrd armor p l ~ . t e  i n  
tho near  futurec F~bricatora ware roqwsrted t o  switch t o  the ma* 
gn-nose modified lg /g  olcctrodo C+E soon as aiid rherevor possible. 

Tho use of carbon steel stub ends woldac! t o  the ful ly  coated 
stainless electrodos hns been ndvocatod t o  reduce tho stainless 
stoel stub end l o s s ,  The problem seems t o  bo t o  decide who w i l l  
do the welding an of these etub ends. Bath tha eloctrodo m u -  
facturers and f nbricators of vohicles advhncsd val id  obj QC- 

t i o n s  t o  doing tho work themaolves. It tvas empbaizod that seg- 
regation of scrap i s  i npor tmt  t o  tho w a r  e f f o r t  in ordar to con- 
servo nickel and chroniun. 

An o f f o r t  is being nado Lo dctormiae the stocks of stain- 
less s tee l  wolding eldctrodes available in the electrode nanu- 
facturorsk hnd tank fnbricntors' plnnts in ordor t o  obtnin an 
idea as t o  the probable m o u n t  of stainlose stoel which Emy bo 
needed f o r  armor welding electrodes i n  tho Phture. The coopera- 
t i o n  of a l l  co ficerned w a s  r cquestod. 

2. : Hom,ogenoous A m o r  Fabrication- 
Engineering Bulletins are  proposed by the ~ ~ 1 n k - ~ u t o r n o t i v e  

Canter requiring fzbricntors t o  submit weld deposit analysea o f  
Uniannalt welds and requesting that welding procedures be quali- 
f i e d  t f i  th manganese mdif iod 18/8 electrodes whoro molybdenm 
modified ol~ctrodos are now qml i f i cd .  It is expected that 
the V a r  Production Board w i l l  impose cartain restrictions an the 
use of molybdenum nodif Ped 18/8 olectrodos, 

Tho roquironents f o r  the b , d l i s  tic shock test aa now prs- 
scribod by S p e c i f i c a t i o n  ~ ~ $ 4 9 7 - 3  are" being changed somewhat to 
increase tho severity of the t o s t  for 1-1/2" ro l l ed  homogmeoua: 
armor. A velocity of 1200 f /s  w i l l  be required with tho sane 
limits on arackfng as now specifiad. For 1-1/2" caet plate, the 
limit on cracking f o r  1050 f / a  striking velociky w i l l  bo 10" in- 
stead of 15". The new limit on plate cracking is to be 6" i~ 
stead of 6"b  Slug inpacts must touch the weld to be considetad 
fair, whereas the center of H.E. impacts nust be within 1-3/4" 
of the weld. For -1" ro l l ed  homogeneous plate, the striking 
-loci ty with the 75 m. slug wT11 be 725 f /s  with 17" a s  the 
1 i n i t  on wolfi crackf ng, 

B d l P s t i c  tests of H plates welded with lnrgo d i m e t o r  &usd 
tenitic stainlass electrodes t a  1/2!' diameter indicate passablo 
performance and tho data are being reviowed by !CRnk-Automotive Call- 

ter fqr a. d ~ c i s i o n  as t o  acceptability* Those fablricrztnrs using 
nutomtic welding nelhod8, p r i m f l y  Uniamol t ,  h v e  not  quali- 
fiedb4heir procedure on the zrnm cnqosf t ions 'be ing  used at the 
present tinet I t  I s  expectad that an o r d o r  w i l l  be issued 'by 
t h e  Tank-Autnnntivc Contef Arequf riw such q u d  if i c a t i o n  wlthfn 
thirtry d a y s .  

,Some criticism wcts a d o  of the contradictory reports which 
have been recoived by tho nrnorod vehfclo fabricators concorning 
the perfomnoc of wolfled armr in conbat. I$ i n  fd t that the 
Ordwnce I h p ~ r t n o n t  shnulcl hnve a qual i f ied obsemar in the 



f i e l d  t o  report back through the Szlbcommittae so t b t  Industry 
could be adequately Snfomedr In this connec%ian the vehicle 
fhbricators f e e l  that more n c t d  hulls and welded components 
thereof qhould be teated baJlietically in order t6  obtain infor- 
mation on perfopmance under simulated combat canditi~ns~ It wag 
explained that the Ordnance Department has started such a pYo- 
grm* 

It is contended mtny of the vehicle fabric~tars thnt 
the present welder qwallf ication t e s t  required AXS-497 is 
not adequate bsaause i t  requires a butt weld, whereas many of 
the welds rcquixed in the qonstmction of the amor hull are 
corner Jclints, A cornor  j o i n t  qual i f ic~ , t ion  t e s t  is considered 
des iraU e. 

With reference to l i m i t a t i o n s  in arnar plate,  t h e  Armor 
Inbegrating Commf t t e e  recornends the Pol lawing  1 imi ts nf accept- 
ance: 

Ikx. Depth of LanPwtion Malt. Lenctth Permitted t o  Repair 
114" Plate Thickness 50% of Length a f  h i n t  
3/gn I1 25% II It It 

1/2" n 15% I1 W A 

over 112~ II hn t o t a l  En m y  one jo in t  edge 

A laarinnticn was defined as any vis ible  opoeing in a nachinad 
or flamwcut edge which wnuld pernit entry nf a razor  blnde* 
These rsconmendations $re intended to apply o n l y  t o  $eJ@cfed 
plats now in the plants of several tank fabricators, These de- 
fects should be removed by grinding and the cavity sn nada welded 
t n  produce a s o l i d  p late  edge. 

3. Face-Hardened Ibrrnt-r Fabrioat ion 
bnly a small percentage o f  the face-hmdened armnr plate 

being producod is welded* Three nethods axe used; namely, the 
l'buttering" or procladding method, the masked type nf jo int ,  and 
the double V type of joint .  Thesa nethods have been doveloped by 
the throe fabricators o f  Pace-hardened armor who are using wold- 
ing on plate thicknessas o f  1/4It to  I". 

@ d i f i c a t i o n  nf these methods has bean made under US-743 
with B plates, but on the actual atructuros there are no jn ln ts  
l ike  the j o in t  in the H plate. Thfe situation arouses a certain 
m o u n t  of argument between fabricator and inspector as t o  whether 
the fabricator is welding according t o  the procedure by 
the H plate, 

4. Ballistic Testing 
Tho recurring argument concerning the value of the H-plate 

test nf welding procedtlre as a meastire of the rserviae performance 
of a welded =nor structure faaricatod with that prncedure was 
again di.soussad, Varinua eqarionces were cited t o  prove that 
re lded mmor structures give batter shqck perfnrmance than the 
ba l l i s t i c  shock t e s t  of the H plat@ vrauld indicate, The feeling 
is that the t e a t  of the H plate is n very severe t e s t  m h  deter- 
micas J o i n t  performance without introducing the factor nf design 



- *  

of the wclded 8 t r ~ ~ t ~ 0 ,  
It i s  a l s o  evident that industry dasiraei FL t 0 8 t  of & corner 

joint or a, fillet weldod joint which would sirnulato n Iegar  ner- 
centage of productfon walding, Phi8 t o a t  would ba in addition 
t o  the H-plate t e s t ,  

5. Welding Electrodes 
D i f  f i cu l t i e~ l  havo been encountered by tho Nhvy in wolding 

joints in mmor over 1-1/2"thi ck, using tho Grcde V mmgmese 
modified 18/g stainl@aa oloctrado, Thie hns necossi t atod the 
use of 25/20 for thick pla ta  t~ A. certoin lfmitod oxtent, Ap- 
proxim~t  cly one-sixth of Ghe stainless aiectrodes used by the 
Navy for welding arnos a r e  25/20, 

Electrode manufncturcrs me boing limftod by WPB t~ 20 Ibs, 
of molybdenum por ton of wolding electrodes producod, 1 t ier ex- 
pcctod that thia l i m i t  vrf 11 be lowor nd t o  16 lbs,  per ton in July, 

Xlo def in i te  decision wne roached ds t o  t ho  uso of law cnrbon 
stoel stub ends woldod t o  fully coated etwinless clectrodes, I t  
is generally believed, howevor, thnt the awing of stainleas steel  
which would result from the use of thoeo stub ends would bo of 
minor s ignif icanc~,  Tho most practical. suggestipn seams t o  be t o  
either limit the bma portion for tho holder grip t o  1/2"r f u l l y  
coat  tho clcctrod~ =and use holdor8 of a t y p o  which would  permit 
welding t o  the end of the electrode by tho welding operctor. Mmy 
f a b r i c r t o r s  seem t o  wmt fully coated st,ainloss elactrodas. If 
the crxbon steel stub ends m e  attachad t o  s t a i n l o s s  s tee l  elac- 
trodos, it camplicatae the salvage of  stainless etub end sCs@ by 
the a t o e l  mills ond d s o  prwcnto recanting tho atainloss oloc- 
trodos which are roturned t o  the electrodo mmufacturer by the 
mmor febricztor for procoesing where tho ~onting is ~erformed 
by the axtrusion process, 

6 ,  a r c r a f t  Asmor Fcbricatf on 
Bn inspection t r i p  FIPA mrmged far the membors of the Air- 

crrxft Group t o  tho plan t  o f  tho Marmoh-Xerrington Co,, IndirznApoli8, 
and I n t e r n n t i o n d  Harvester Co,, Springfield, Ohio, on tho two dnys, 
Juno 3rd =md Sth, p r i o r  t o  the Subcommittao mooting, Thie t r i p  
vaa arranged as an oducctioncl tour in order thct r q r o s o n t a t i v e s  
of tho aircraft industry might observe the q p l i c a t i o n  of both arc 
welding md rosistmce welding nothods t o  the manuf~ccture of mmor 
structures as used f o r  lmd vohiclcs.  

The import~nce of the design being proper for the mothod of 
welding t o  be employed wcs demonstrated, Also the importw~cu bf 
m understanding of the type nnd mopert ies  of tho bc$e mnterf r l  
being welded was emphasized. The extent of use o f  welding for fnb- 
rication of zxmor by the a i r c r ~ f t  industry qpame t o  be  somewhr,t 
limited nt aresont, gossibly due t o  the higher hardenability =mar 
neccsemy f o r  a i rc r~St  bsc2use of weight l i m i t ~ . t i o n s  together with 
requirements f a r  m n x i n u m  r asis t m c e  t o  penetr %tion. 

7, - Rosistmcc lloldin 
Roeis t m c o  spot wilding of 5/16" hard hornogonsoua cxmor olnte  



is now being accomplished on a production basis for half-track 
vehicles. Autamaticdly controlled spot ueldEng machines are 
uaed with periodlc production check t e s t s  for inspecting the 
uniformity of the weld, On butt jo ints  with 3/16" low carbon 
steel butt straps, the resistance t o  penetration i s  s tated t o  
be some 405 above specif icat ion requirements for the wnwoldad 
armor plate. A tentative Ordnmco Spccif icatian AXS-969, 
covering rosist,mco spot welding of  m m o r  hns Been preprod. 
I t  HCS admitted t k t  a butt jo int  in arnaor with a butt strap 
spot wcldod t o  tho back of tho j o i n t  w i l l  not c o q l o t o l y  pro- 
vent entry of b u l l e t  splash. 

. g. %ccif l cs t io 'ns  nnd Inspection of Ffolds 
Spocifichtiori WXS-169, R C S ~ S ~ ~ C ~ :  Spot !klding of Armor, 

has bocn revisad nnd issuod cs -969, datod 6, 19430 
Amendment NO* 4 to Spccif i oa t i on  US-497-3, incorporating tho 
rovisiona rof orrcd t o  under Homgoncous Armor Fabrication, is 
boing prcparcd for issue. 

f f i th  rcfcrcncc to  fnspcction of wclds, cmph~sis hcs, in 
thc past,  boon plncad on thorough vfsilc1J. Pnspoctfon of firat 
passes of thc wcld nnd final. visual inspcction of tho f inishcd 
wcld. rtzdiogrnphic i n q c c t i o n  h*,s boon roquirod of t o s t  plstos 
only, r5s a rcsult o f  ballistic tcsts  of test  plates and pczrts 
of wcldod hulls, and ~xporimclzt~di. radiographic oxmina t ion  of 
woldod hul ls  sclactcd nt random f r o m  tho production l i n a ,  thoro 
hna boon an increasing r ca l i za t l on  by Ordnanco and Industry 
that radiogrnphic oxmination i s  dosirnble as n mothod of pro- 
duction control. By f n t o l l i g c n t  uao o f  t h i s  inspection method 
impropar fabficntion procodwcs can bo corroctod and the  gonernl 
qulity of  the finished job i q r o v c d  and mintcbinedc Thc use of 
tho mothod, howovor, docs n o t  clirninato tho need for careful s w  
pcmision ~ l d  inspection of thc work as it progressoar It was 
suggc~tcd by savaral rcprcsorztativcs thnt the uso o f  rndfograpbic 
exaninntion bo made mnaatory f o r  i l~ spcc t l an  of wolds in ,armor, 

9. T'fcldix Resoar'ch 
t'iork' under the dir cct ion of thc % t i o  nal &search Counc i l  

on  tho dovolopmont c f  f errit ic  wcld motal subst i tutes  for tho 
s tcf U e s s  austonftic weld ncta l  hr.s indicated some rather  sur- 
pr isiilg rosul  ts with a mng,ucsc-nolybdcnun conpnsition, On the  
light platc  nf 1 /Z r '  and l e s s  i n  thickness, no preheating appoar.8 
nccoasary. O n  haavy plctc,  a prchcat o f  2T0°F# is roquirod. .No 
postheat Lr~atnont is nceossary i n  either caso. - In a fcw casos 
plntcs wcldcd wfth this clcctrodc h ~ v c  withstood firing t o s t s  t o  
highcr vo loc i t l o s  tbm ally plntcs wcldcd so fm with tho nustcnitlc 
typo of c l c c t m d ~ .  

St~dics o f  stress rc l iovi ix  o f  ncldncnts for mchiniug 
stability indicntc t h e  s tcqcraturc nf 1000°F, for twa hours 
rcvovcs from 60% t o  70% of tho in tcrnrJ  S ~ ~ O S S ~  A t  1200°F. for 
two hou~s, about 9% of thc interim3 atrass  is romvcfli 

Work with thc ornlasivo t e s t  for dotormining pc~formance of 
wolded joints  undar high vcloci ty  impact indfchtes that thoro i s  
a correlation botwccn thc width of thc wcld on the  L o n s I o l ~  s ldc  



and the m o u n G  of explosive required t o  Juat break the qecimen, 
The wider the weld is, up t o  a, certain point, the greater is the 
amount of explosive required. 

Weldability studies at Watertown Breen~ . l  Labbratory on 
d l o y  steels of high h a r d e n ~ b i l i t y  show t h n t  removd of moisture 
and hydrogen-cont~ining ingredients f r o m  the  electrode ~ 0 n t S n g s  
is effectitre in preventing root crack in the hent-,affected Zone 
o f  the hitical weld b e d .  

LO. Bal l i s t i c  Tests at Low Ternper2ture 
Studies~of tha welded H p la t e s  b c l l i s t i c d l y  t e s t e d  at 

subzero taqerntures at C q  Shilo, Cannd~ ,  last  winter  z.re in 
progress at the Reeearch Laboratories,  U. S, S t e ~ l '  C ~ r p o r ~ t i o n ,  
Ke~xny, New Jersey, It is expocted that bzsed on the result6 . 
of these studias n new progr~un w i l l  be aropcxsd fox cold testing 
welded plntsa during the ~orning winter rad in suTficlont time 
tha t  the m a t o r i d .  c m  b~ abtrtined nnd tho test plates p r e ~ w e d  
without m y  last minute rush, 

11, Minutes of Meetin~s 
It w ~ s  decided that ~ h e t r e , c t  of tho '  discuesion tha 

meeting would b e  satisfactory for distribution pad thnt it is no t  
' 

nacessmy to sand out vorbn.ti,m copies of the t r ~ n s c r i p t  of tlsc 
d$scussioni Copies of the trnnscsipt w i l l  ba filed in the.Office, 
Chiof of Ordncmce pad at !.!ator town Arsenal f o r  =any f uturc ref - 
cr cnce. 

1 2  Next Mbeting 
It wns voted t o  hold the next meeting in New York City on or 

&out Thursdny, October 7, 1943. 



TWI RTEWCH MEETING 
SUBCOMNIT.TH;E ON IfELDING Or AJXMOR 

THURSMY, 7 OCTOBER 1943 
H O T a  PENNrnVAlTIA, NEW YORE, N. Y. 

The thirteenth meoting of the Subcomrnilttee was held in New Pork 
City on 7 October 1943 at t h e  Ho te l  Penrrspl~ania, with 127 persons in 
attendance representing: 

Industrial - United States  
Tank Fabricatore 26 
Armor Producers 4 
Xl ec trode Manufacturers 17 
Core Wire Producers 4 
Resistance Welding Equipment Mfrs, 6 
Aircraft Febbrica.tora 6 

Industrial - Allied buntrios 
Fa'brf cators 

Government - United States  
Ordnance Department 29 
ASB Boadquarters 1 
Navy Depnrtment 
f l r q  A i r  Fasces 
Wax Productf on Board 

Z 
2 

N a t i o a  Reeemch Council 2 

Col. 0. E. gxlablo presided, in the nbsenco of Col. Zornfg wha was suddenly 
cal led t o  Washington, and opened tho meeting with  the f o l l o w i h g  remarks: 

"Colonel Zornig hds been called t o  Washington md has asked 
me t o  pinch-hit f o r  hime If yau w i l l  boar with me, I will try 
to do my best." 

Mr. Sweamy reported on tho alloy situatio11: 
"Now, us most of you have heard, the sqpply-demand 

ratio has improved somewhat. T h a t  Improvement, however, i a  val id 
only as l ong  as the presont metallurgical pattern is maintained. 
At the present time, about 50 percent of the nickel, and about 44 
percont of the molybdenum and #Bout 25 t o  3O percent of tho chrom- 
ium come from acrnp. Because of the necessity for maintaining 
t h a t  metallurgical pat te rn  end beenuse the situation hna not i w  
proved sufficiently t o  justify any revision of tho conaeevntion 
policy, tha decision has been rmds to continue with a11 the con- 
servation measures as in the  past. What the future w i l l  hold, of 
cour ee,  we doni t know-and 1 dont t b e l i  eve that anyone knows at 
t h i s  time." 



Mr. E. P .  S. Dsrdnor discussed the B r i t i s h  developments: 
"Our fornard program f o r  1944 enviaagos r?. considerable 

increase in tho welding aP hulls and turrets. Wo &re net- 
urnlly vezy anxious t o  benefit by your wide experience in th i s  
f i e ld .  at the s m a  tfma, wo should l i k e  t o  compare ngtes on 
current practice-that is t o  sny, in s o  far as thcy n r o  c o w  
pnrablo- having ragma to tho wPdo difference that exists in 
relativo outputs, As you w i l l  probably appreciate, most of o u r  
production =its are smt-41 and wfdelzr dispersed, for strategic 
reaeons. f n the United Kingdon, woldf ng as a fabricating pro- 
ceas k a  been approved for the construction of wheeled fighting 
vehf cles since 1938, and for t&s sinco oarly  1941. Upward of 
some f o r t y  different typos of wolded armored vehfclas h v o  boon 
designed and developed f o r  productf on, aprrs t f rom nuberaus 
special turrots a d  dovfcoa for v a r f o u ~  oporntional roles ,  
Navertholoss, the main bulk of o u r  pmduction in tha  medium md 
heavy tanka has y e t  t o  bo chnnged ovor; wo hope to effect thnt 
in thc vory near future. In ganoral, from w h t  NO hnve seen so 
fn r ,  i t  w o a d  qpuar that thc technical mothods, ?rocodures and 
dovelopmont an bath s idos  of the Atlantlc m e  very similar and 
are progressing along ~ ~ r a l l e l  Ifnee, except f o r  one or two 
p o i n t s  which are o f  minor inportanca, 

"Ono B U ~ J Q C ~  t o  which I think ref aronce should be made is, 
of course, tho .wtter of joint detail dosign, In the onrly 
devolopnent o f  woldea construction in United Kingdom for tanks, 
we gave m.roful cansiReration t o  the dosirnbili ty of using full 
panut ra t ion  butt j o i n t s  in vf ew ~f t h e i r  rolativa superiority 
in withstanding shock and dynanic londiags, Hnwovos, having re- 
gsrd to the production dvfihtnges offered by f i l l e t  welded joints 
in permitting wider or mro gonorous prcf i l ing ,  f l ~ t n e s s  a d  ae- 
asmbly toleramas, nnd also in reducca welding t imoe and o l e c t r a d ~  
crlnsurqt ions,  a t t en t ion  was drawn t o  t he  use of thnt type of con- 
struction which hns slnce proved b a l l i s t i c n l l y  md structurslly 
sound, according to Unitod Kingdom requirements confirnod by 
b a t t l e  experianco in North  Africa, So far as electrodas Rro con- 
cornod, we onployad tha rlormal 18/8 or 19/9 modified type 
s ince  1938, The olectrodos are teeted and npproved far univer- 
s n l  use, and l i s t s  of approved oloctrodes are  issuod periodically* 

"Bectrodas  offered for welfiing ~rmor* up to 30 mn. in thick- 
ness are. submitted t o  weldbbilitjr (R. D,, Rigid  ~ ~ t t )  and h o t  
crackiw (Ring type) testa. Firing Grids on t a r g e t s  welded with 
these electrodes axe n o t  now requfrod unless  thay are o f  an en- 
t i r e l y  zew typo of composition. 3lectmdes f o r  welding errnor in 
thicknessee exceedins jO mm. are submitted t o  weldabili ty ( ~ e e v a )  
,mil h o t  cracking (Ring typa) tea ts ,  and a fillet welded box typo 
target in 3-112" thick ,?snar f a  prspnred for firing trials which 
inclurlo attack b~ 25 pdr. slug en& 6 p?r. A.P. Tentative ~ p -  
proval f s i ssued on satisf actorg completion nf the qualification 
t e s t s  out l ined above, nnd final approval is given after a per iod 
of aatisfqctory performnos in production has baen completed. 
Following extensive oxpaximental and profiuction trials with f ere- 
f i t i c  t ype  electrodes, we have recently approved the  use of daep- 



penetratin&ype rod8 for veldlag on a plate up t o  40 mn. i n  
thickness with square e d g ~  p-ratian, Those permitted for 
ferritic w0lding at the moment, and on which we are now start- 
ing'twa productian l ines ,  are as fo l lows:  , 

wOne w e  refer t o  BE OUT Ao.V.1 type of armor. It 
has .18 t o  .22 carbon, 1.0 to 1.25 manganese, .g t o  
1.2 nickel, .6 t o  ,7 chromium, and .j to ,4 molybdenum, 

"There is aJao a chrome-vanadium type of steel with 
.20 to .23 carbon, .40 to .55 mganese, .45 t o  .55 
nickel,  .65 t o  .75 chromium, and - 2  t o  .3 vanadium. 
With th is  type of slerctrode, in order t o  control the 
minimum heat input and the rate of cooling, we Feguire 
a minimum size o f  electrode of 3/16. 
I m i g h t  montion that our experimental work has persuaded us 

t o  place quite considerable importanoo op the hydrogen content of 
electrode coatings with regard t o  i t a  Influence on bonds and crack 
sueceptibility, As you know, such cracking is liable t o  occur 
within an hour after welding o r  many days d t e r  weldingl In order 
to accentunte a ~ d  accelerate that t y p  of cracking, we now (as a 
s trndard supplamsntary t e e  t ) submit our woldm~nts, mock-ups or 
complete house t o  a low-temperature revsreal todt,  consistSng of 
ten reversals from 32OF. t o  O°F. That bas been found to be quite 
a~ccls~ful* 

"htomatic welding has not been employed so far in Unitad 
Kingdom for the construct%an of fighting vshfclas. Tho reasons 
f o r  this are that in the l ight  wheeled and tracked vehiclos the 
complexity o f  the hull ahpee and shortness of individual joints  
has precluded the rtdvantage~us usa o f  automtic~, and in the mstdi- 
um heavy clasaes the output p l a n e d  f o r  production l iaea set  q j  

so far has hard* warranted their amploynent. So far as Union- 
melt i a concerned, a l l  the equipment that hcts been shipped over 
from t h i s  country has bean allocated t o  shipbuilding and t o  
pressure-vessel Qork, where I believe the adv,mlages arg rather 
more important than in connection with fighting vehicle con- 
r truc t ion ,  " 

Col . Knabf e r a w k o d :  
"We =Q very fortunate fn having with us today MaJor Pippel, 

who hag r ~ c o n t l y  mnde 8 t r i p  t o  the o t h e r  side. Major Pipp~l's 
remark8 should be off the record; they are in a restricted category, 
m d  the f i n a l  r aport  is n o t  yet out.' 

Major Pippel apoke o f f  the record for about ane-half hour. The 
substance o f  h ie  Yemarks was that- American welded arnorod vehicles hnd 
performed very satisfactorily in the North African oampaign. 

Col, Knable remarked: 
"hank you very much, b j o r  Pippel; I am sure that your talk 

wag most intarestfng t o  a l l  the gentlemen b r a .  I V a t  t o  cau- 
t i o n  everybody again that thia informtion is not to be usad or 
diecuseed outside of thia room." 



Mr. McDowell reported for the Homogeneous Amor Fabrioatare' G i . 0 ~ :  
'%t the meeting of the Homogeneous Armor F&bricatorss 

Subgroup held here yesterday, the majority of the tiina was 
spent In a dlscnsaion of the proposed revision of AX8 497. - 

Prior t o  that time, however, thore was some discuselon of the 
latest davelopments in the use of ferrit ia oloctrodesl At the 

' 

last most ing of tho Homgcnoous Armor Fabricators' Subvoup a 
new ballistic test plata wea suggoated t o  roplaae tho present 
H plato, duo to tho fact that tho rosukts on tho prasont H 
plato a r a  of ton  hard t o  in torprot ,  Tho plettc that was suggcstcd 
t o  ~ c p l s c c  it was oxactly tho snmo as the  H plate, oxcopt that it 
contained no cross barL I t  was euggostod th.t tho fabricator 
send in platos of this t y p o  so thnt  the nocassary informatiori 
could bc obtained. To b t o o  howovor, o n l y  fivc of thcso plates 
havo boca tostcd, and throe of thoso rcsulta havo hnd to bo dis- 
cnrdod on ncdount of poor pla te  mntorfnl. In regnrd t o  t h e  
crous f o r r i t i s  woldcd H plcztos that h:l.vo boon f ired,  211 those 
platos hnvc boon tos tud i n  shock only, nnd no rcsist,mco t o  
panctratioli tosts h v e  been oonductcd on thoso plntos.  

"Abordaan has 2.1~0 conductod somo intcrosting oxplosivc 
t e s t s  on full-sizcd H platos I n  which doformations vcry compnrr.blo 
t o ,  o r  cvcn morc scvorc than thosc obtainod with t h c  75 mm. proof 
proJoctilc, have bocn obtainodr Enough of thosc tosts h m o  not 
y e t  bcon cnrrfod out, howcvcr, t o  2.110~ tho drnwing of any dc f in i t c  
conclusions. 

"Tho grcatcr part of tbc  time at tho  mccting tvns spont in 
discussing thc propoaed revision of AX$ 497. I w i l l  o u t l i n o  br ief-  
3.y somo o f  thc important chnngas mtlo in tho  spccificatian with 
rgspect t o  the prcvious rev i s iob  Tho proposed rcvfsinn f o r m  
will cnrry manunl wolding only, In rcgard t o  autnmatric w o l d i w  
procasocs, PAC p lnns  t o  issuc an ongincoring bul le t in  i n  t h o  noar 
fu tu ro  which w i l l  covor qulif i c a t i o n  of a11 nutomtic  wclding 
procosscs. Onc of the mos t  irrfrrnrtant n d d i t i a n s  t n  this speci- 
f i c z t i o n  i s  tho inc lus inn  o f  a welding procoduro out l ino  tvhich 
,all nnaufacturcrs nust submit f o r  a11 j o i n t s  on the vehicle t o  be 
woldcd. This ou ' t l lnc  w i l l  ~ T V G  t o  b~ subnittad to the  Office of 
Chicf rif Ordimncc bofnro the  mnufa,cturcr is pornit tod t o  start 
proccdurc qw.lif ica t ion  nnd operator qurrlif i cn t i on  tosts. I n  ad- 
d i t i o n ,  a tforkm~nship ~tmdR2'd plzto boca fncludod in t 3 o  specl- 
f icnt ion,  This p ln tc  w i l l  providc a visu7.1 Snspcc-tion stmdnrd 
which w i l l  be uscd as n guida, both by t l ~ c  cnntrnctor  and by tho 
inspectors, Hnwcvcr, tha wording in thc proposed spocif i ch t ion  
was changecl so that it w a s  vcry d a f i n i t c l y  statod that this  standard 
was t c  bu u ~ p d  2.s a guido only, 2s a g o a l  t o  shoot  at, rather than 
3s c~ s f m d z ~ d  for iuspoction or rcjoctian.  

"In rcgnrd t o  radiographic inspection, a11 npcratnr qu~l i f i cn -  
tin11 tcst plntes  will bo radiagrcphccl 2nd judg~d nccnrding t o  Stand- 
ard 1 v f  AX5 476; thc procoduro q u d i f i c a t i n n  plntos will bc dudgod 
according t o  Stnndnsd 2: and, for r a d i o ~ r ~ ~ p h i c  inspection of pro- 
duction t l o l h c n t s ,  Stcndnrd 3 of U S  b76 w i l l  bc ugod. This pcr- 
t i c u l n r  rcquironont caused porhnps tlic 1 o ; ~ c a t  discussifln nf nw 
s ing lo  i t c n  in t ho  pmpcsod rov i s ian  of  tho spccif icnt inn,  S O ~ C  



of the fabricator8 8aid that under present coadftians it would 
be impossible t o  meet the requirements of Standard 3. However, 
it was decided t a  go over some of the radiographs of waldmnts 
that have been nude recently and t o  try to get  an idea as t o  
exactly w h a t  the quality of the waldiig %s at the pressnt timep 
before any definits deciaion is made in regard t o  the ~tandarda 
t o  be w e d  for product ion  inspeat iono 

"fn the weldfng of the H plates, as far as the joint de- 
sign goes, all H plates will be wexded with the minimum included 
aagle t o  be used in production, the m i n i m u m  r o o t  opening, and the 
mimum root  face, One other  inportant in regard t o  H 
plates is that repair welding up t o  a t o t a l  Xengtk of 8" will be 
permitted on H plates welded in accordance with this Profision 4 
of the specification. A t  thc  present time for 2-1/2" rol led 
plate, for instance, tho projectile i s  a 75 m. T-21) and the 
striking velocity haq been increased ts 1200 foot-aecands, wf th 
allowable weld crgckipg of 15". poor 1-1/2'' cast homo, the ~tr&- 
ing velocity--using the s a w  projectile--io 1050, and tho allowable 
weld cracking is 10". For lN rolled homo, 75 mm. T-21 projectile, 
tho striking velocftqr is 725 foot.seconds, with sn allowable weld 
cracking of 17". Tor 1'' cast ham, 57 mm. projectile, the 
~triking velocity is g00 foot-seconds, and the dlowable  weld crack- 
ing i a  12". For l / Z n  rolled homo, 37 mm. high explosive M-54, the 
striking velocity is 1625 and the allowable weld cracking i s  12". 
In regand t o  impacts of the various projectiles: where tha 75 
mm. proof projectile is used, the impact must touch the weld; in 
the case of the 37 mm. projectile, the distance betwean the cen- 
t e r  of impact and the center line of the weld should bo 1-3/b1'r 

Captain Randall reported for the Electrode Group: 
"The first item discussed was a presentation by the Navy of 

a brief aummary of Borne of the work on which thw have been pro- 
ceeding in aonnect f on with the stsinless-steel tyye of electrode, 
As moat of you know, analysis limits ware set by the I k v y  for cer- 
tain residual elements in a la te  revision of thei r  specification. 
It waa then found that standard methods of analysis were not  @ail- 
able on whlch a l l  parties concerned could agres. Further chocking 
indicated t h t  it was also true that generd agpeement was not b e i g  
obtained on some o f  the standard elements. The Wavy reported ye&- 
terday that an agreement had been co-operatively ~cnched on stand- 
ard methods of analysis for the fo l lowing  elements: carbon, clan- 
ganeae, sulphur, s i l i con ,  coppar and titanium, as applied to the 
modified 1g/8 type of material. Copies of these standard methods 
have bsen raproduced by the Navy Departmgnt; and it is undsrstood 
tha t  if aw fabricator, eleotrode m~asufacturer, or other party is 
interested in obtaining copies of these standard analyees, the 
&vy w i l l  be glad to make them available. Such requests should be 
addressed t o  Commander 01 R. htherland, kbora tory  Officer, Build- 
ing 12'1, Phih.itelphf a Navy Yard. 

"The Navy reported that residud elements had been found in ap- 
preciable quantities in some of the standard coating materials, and 
there wae considerable variation in some of the elements, such 



RS s a p h w ,  pho~phorus, and so f orthb An offer  was mrzde by 
the Navy t o  work  with the alootrode m~ufacturass on s w b r d  
methods for araalysib of  i q o ' r t a n t  coating m a f e r l d ~ ,  There was 
na immediate acceptance o f  that offer ,  

"Mr. Hfgnott preaehted a dOtai1od discuosidn of tho ihvcs- 
tlgntional work which has beon conducted in 'England relative t o  
both auslonf tic and f arrftic electrodes as affected by hydrogon 
in the eloctmdo coatings, Two British reports--one datad k c h  
l y k ,  and the vthar dated Auguet 1943-are available on thia s u b  
j ec t .  It might bo nantioned that as early as March of 19k car- 
tain of the difficulties encountered with bond Eone failures in 
austonitic oloctrodes were nttri'butod t n  hydrogen-forming mterials 
i n  the elactroda coat ings ;  that was i n  c o n n ~ c t i o n  with the work 
done in England. 

"A question-has baen rnisod by a ~ i m b o ~  of electrode mnw 
fac tu rora  as t o  the possibility of providing acceptance of elec- 
trode materia at the source, As norst of you probnbly know, both  
the 4rny and Navy spocificatians provifle an nbsnlute minimum 
oZ accwptanco and inapaction t e s t s  insofar ns individual lots of 
electrodes are conccrnod. B o t h  spacif icntions have contained a 
clause pPoviding f a r  r e j ac t ion  of m,toi-ial if, at any time within 
s ix  months, it lvna fnund eithor t o  oxhibit msatiafactory oparn- 
ticg ck&actoristics o r  f a i l o d  t o  nect the r o ~ i r e m n t s  o f  the 
specification, It was recognized that porL"laps the phrase ' e p  
hibits  unsatisfactory operating chzracteris ti cst  was unfair, 
since it provided at least tho p o s ~ i b l o  conclusion that n nnnu- 
facturor  could dccfde that an elaetrodo not oporsto satis- 
fetct.rrily and rojoct it* 'P-hat, q f  cnurso, w a s  nct intended. In- 
spection et the source for ful l  acceptance would  involve a testing 
program at each electrode manufncturer's plant ,  provisions f c r  
f a c i l i t i a ~  for  such tests, and a c o q l e t o  rewriting of both  the 
k n y  and N ~ . v y  spccificntions (as it tmdd ohange thc  entiro baiiis 
on which they hnct bean proparod). AccordYnglyr ELS a s q g o s t i o n  t o  
improvc th is  situation, a rnq t i o n  was mdo and carried to recornend 
the dolct ion of thc phrase ' exhibits unsaticfaa t o ry  operating 
chhrnctcristics' f r o m  the sentence that I quo tod previouslyr This 
m t i o n  was carried a f t e r  considerable discussion, 'ft is md0r8toed 
that b a t h  tho Arny and tho Nnvy will give careful eansif ierat ion Lo 
the p o s s i b i l i t y  of taking that actioa." 

After luncheon Major McI nnos reported o n  Aircraf t  Armor Frtbrtcatibn: 
"Our Group meating is t o  bo hold tonorrow f o r  the s inple 

reason t!~at sooe of the aircraft numbers wmtocl. t o  see som of 
the latest davolopnenta in w o l O i n g  at Watertown Arsennl. k r i n g  
tho s w n e r  months, a te'ntntive Arw Air h r c e  spocif i c a t i o n  was 
relaasad o n l y  t e n t a t i v e l y ,  ns I have said, and it should ba used 
neraly in t h o  inter  in u n t i l  an A,-% specif ieation is f i n a l l y  :ipn 
prclved. The specificatinn rmnbsr i a  20030 Mc ha far as & ~ G G  
walding is conccrsod, t h c  only spccif fca t ion  t o  bo used by the flrw 
Air Forco will ba the snno ona ussd by tho 0rdnancc-r-hXS 96yS I 
believeb Thoro sro quito a few a i r c ra f t  aanufacturors, as well  
as armor p l n t o  illanufszcturers who are walbara of aircraft mmor 
pkhto,  who haw contrncts both with tha Navy and tho Army. ft 1 s  



highly darirable, then, t o  have an A. 8. apacification. In the 
meantime, the other apeclfication t o  which I have referred w i l l  
be w e d  because of  neaerssity," 

Mr. Cooper reported for the Reststance Welding Group: 
OAt OUT meeting yesterby,  the f irat item wae a teport, in 

rather careful detai l ,  of  the work that i e  being done by Profes- 
sor Hesb and his associates under the auspices of NDRC, The $om- 
mittee d i scused  not only the work that had been done but what 
wan going t o  be dons if Pr. Hees8e proposed echedule of work was 
carried' o u t .  Neryone agreed that this work was extremely v i t a l ,  

. t h ~ t  what had been done uaa slmst indispcneable, and that i t  waa 
necessary t o  carry on s program in the same manner; they all wlshed 
t o  expresB w h a t  war more or less of a vote of confidence in the 
work that was going on, and r hope that i t  would be furthered. 

"Aa far aa the use of Specification U S  969 for e-ireraft fab- 
ricating work is-concerned, if sn aircrdt  fabricator wishes t o  
qualify bn that, he ahauld go to the Tank Aiutomotiva Center f o r  
certain information and approvalo If there are any i t e m  on which 
he doee not get the exact answer ha wiahes, he cornea back t o  the 
A i r  Carps, to ' & j o r  WcInnaar 

' I t  meernsd t o  be somewhat svtdent t o  the committee that the 
knowledge of w h a t  haa been gofng on i n  resistance w ~ l d i n g  of a r  
mor p la te  i n  the last two- yeara ha8 been rather restricted, Of 
course, all of us ere working under certain restrictions; outside 
of the limited disscmine-tion of "thp reports of t h i a  group, NDRC, 
and the restricted personnel that comes here, there i s  vary little 
that can get  by aach censorship in thc matter of giving data that 
1 e  necessmy t o  acquaint people wi th  what l a  going on. I t  comes 
back to the normal channels a f  you people p~sslng the inferonation 
on t o  your own fabricator, t o  your  ow^ comanias, as regards poa- 
o ib f l i t i ea  of resistance weldtng of armor within its scope 
of application. F i r ~ t  o f  811, this Specif i c ~ t i o n  AXS 969 coverm 
the w e l d i e  of butt strap$ o r  attachments of law-carbon step1 up 
t o  a thickness of a half-inch t o  armor up t o  and including a thick- 
nee* of I", face hardened and homog~n~ous .  Parbps the oarioue re- 
parCe that you get a t  each one of these meetings about the work 
that is going on at  R-P- 1. have n o t  been ciariffed by qrself t o  
fndicate that th i s  is n o t  experimental, Over a year ago, the pro- 
cess got  beyond the artage t h t  you have i n  the arc-welding of H 
plate* when y o u  prove e. process, qualify that procese and aome 
operatoper, and then go ah&& and a r e  weld all the necessary vehi- 
cles and aircraft attachments and 80 forth--which, in turn, met 
be proven as design applications. The w o ~ k  going a n  at R4P.I. is 
a development of design ~pplicatione; i t  i s  not the proving of suc- 
cesa. 

"A specific requeet was made of  thie  group i n  Chicago at the 
last  meeting.-1 believe that it wes i n  Chicago--that we duplicate 
nome 36x36 H platee  t o  compare spec i f ica l ly  with some H plates arc 
welded, We have gone through the necessary identifjlcatinn o f  the 
 material^ t o  match these specific arc-welded plates.: but we have 
come t o  the conclusion, as a committee, that the H p l a t e  i s  i n  no 
way repreaontative o f  a proper t e s t  of a resistance weld, I t  i s  



our understanding that the H plate was set up to lvldice~te some- 
w h t  the degree of lacked-up atreas~s in the crosu  ember where 
you tie the cross weld i n t o  the  two  ctheF welde, T h a t  iten does 
no t  cone ~xp in a resistance weld. The neareet equivalent t o  a 
check on a 36x36 plate, resistance welded, is a double I plate; 
three pieces,  12x36, welded with two Joints butted together wi th  
a backing strap, and that center plate hung uneumorted from the 
tea t i ng  butts, except through the spot welds. One nf our m e n -  
bers--Mr. Lee, of I n t e r n a t i o n d  Harvester--is now i n  the process 
of d i n g  up soma plates. It is his e s t h e t e  that, in mother  
month o r  two rnonth~,  the results of  such welding should be known." 

Capt. Pless cemented: 
'I1 believe it was I who asked f o r  these resistance-welded 

plates a t  the last meeting, t o  compare t o  the remar butt-welded 
platas--and at the time it wns mentioned that the plates would be 
made the mfne way.  Actuelly, however, there is nn reason w h y  re- 
sfstance-welded plctea cannot simply be, as Mr. Cooper said, three 
sections of plates with two pard le l  weldsl. Ae you have probably 
heard, we a r e  eve~t working on that type of t e s t  plate now for re&- 
1- butt welds, and we hope thct perhaps eventu l lp  dl the t e s t  
plates w i l l  consist of Just two para l l e l  welds. We dnni t know that 
they w i l l ,  but it is possible. There is nn reason why we cannot 
use resistance-weldad plates of tlut type. If you w i l l  submit 
those plates,  we w i l l  be glnd t o  - tes t  them. I think the results 
will be just as goaft as, if not  batter than, the H ty-pe of ~ l n t e . ' '  

Upon request of Cal. Kna;bXe Mr. R a p o  remarked: 
"1 was under the impression that perhaps Colonel Zornig had 

appointed another  c b f r m n  for the L ia i son  Qmi t t ee  and that 
perhaps a report w o i l l d  be made by that chairwm. I 'regret that 
I saw f i t  t o  tender resignation as chairman of the committee. 
However, due $0 the fact that the Baldwin Lacorno t i v o  Wrka is 
withdrawing from the tank program-our work is substantially 
90$ completed--1 felt that the interests o f  the  group could best 
be served by a m n  who would be nore closely assacfated with the 
armored vehicle program. I think the respective l in ison groups 
f o r  rol led  armor and cast  armor have s e w e d  a ueeful puqose,  and 
I think we have accomplished n lot towards our i n i t i a l  ain of 
b r i r g i n g  about uniformity of  e lec t rodes  and armor. Certainly, ue 
are eloeer t o  th~ t  picture today than we h v o  been ever 'before, 
While I hope t o  be able to follow with first-hand interest t he  ac- 
tivitiea of the committee as R group, I again e~ that I  egret 
having hnd t o  tender ny resignation." 

Mr. Mikhlapov r q o r t e d  nn NRC Research: 
"The program concerning w e l d a b i l i b j  of armor plate hRs been 

c n d i n o d  prinrxrily t o  the examination o f  the platas which were 
testad last win. tor  at Fort Shilo at sub-zero temperatures, The 
report is just-baiw f inbhcd .  The examination of  the plates was 
very thorough, a d  consisted of e e n i n a t i o n  of the path of f r ~ ~ u r e  
and clf t h e  metallur(~ical. study of the welded metal and the m e w  



next to ths weld. In general, it was found that two t,ypes of 
failure were prevalent: in one, the Paflure took place i n  the 
heatdffacted zone of the metal; and, in the other, it took 
place i n  the fusion zone. The difference between the two types 
of failure i s  accounted for by the difference i n  the rate of 
cool ing  during welding. In the plates in which the r a t s  of cool- 
ing  was low, the failure occurred i n  the heat-affected zione; where 
it was high, the failure occurred in the fusion zone* Another in- 
teresting point appears to be that the reason f o r  the failul-a in 
the fu s ion  zone can be traced to the amount of dilution which oc- 
curred at the root of the weld during welding. It was poasibla 
t o  corre la te  tho plate which f a i l e d  and tho plato which passed with 
the i r o n  content at the root of the weld. I f  the iron content waa ' 
above ar certain figure, showing 8 groat amount of dilution, tho 
plettee fai led;  if it was below that figure, they passed. 

fl The part of our investigation dealing with the development 
of armor welding electrodes of lower alloy content t b n  customar- 
ily used has been progessing quite satisfactorily, d I believe 
I can now report t b t  we have very promising reeulte. The par- 
ticular electrode doveloped has pnsged all of  the tests- of the 
labor~tory type to which we could subject it, including a qwa- 
t i ty  of I3 pLhte8- You w i l l  be interested t o  know t h a t  a tota l  
of 35 l/2l1 plates  were welded, 5 of which had reinforcement on 
them and 30 o f  which had the reinforewent g~ound off, (If the 30 
plates with reinforcement ground off, 23 passed, 3 were classified 
as 'no test1 because of excessive plate cracking, and 4 were bor- 
derline cases, That is 8 consf derably higher average than b.s been 
experienced with the 1/2" plataa welded with ausrtenitic electrodes* 
Of the plntes thnt  had tho weld reinforcement an, only one passed, 
2 were failures, and 2 were classified as 'no t b e t t  ~ ~ C R U S ~  of ex- 
cessive plate cracking. These plates were welded without nny pre- 
hent, nnd apparently without great danger of cracking, They were 
welded of Great h k e s  armor, Carnegie-Illinois armor, find Jones 
& Loughlfn armor composition: no significant diffoxence in per- 
f ormance was encountered. 

'In so far as 1-112'' p l ~ . t e s  are concerned, a total of 14 
plates were welded with this electrode. They were tested at - 
Aberdesn, These plates were of Jones  & Loughlin composf t ion ,  
CarnegiehIllinois composition, and Diaston composition. !helve 
of these plntes had reinforcements ground off, find two did not 
have them ground of f .  No sigqif icant difference in performance 
wsa encountered on the plntos with reinforcements ground off. fn 
other worder, i n  the case of a 1-1/2" plate ,  there does not appear 
t o  be any difference betweon plates with  reinforcements ground 
o f f  and plates without reinforcements ground o f f ,  Performance w 
der shock test of a l l  of these plates, judged by the present stand- 
ard, was excellent. All the plates withstood fit least  four, and 
some up to 7, impacts at velocit ies  ranging f r o m  11OO to 1550 
foot-seconds. I n  only one case was there cr~cking,  as er result 
of any one impact, over 15" i n  longth, In addition t o  that, the 
electrode was tested under sub-zero temperatursa. Three 1/2" 
plates were tested at temperatwoe ranging 'between minus 30 ,and 



minus 15, Three austenitfc weldedplates which were t e e t e d  at 
the same time fa i led .  Of thesa three, two failed at the first 
shot a t  1100; the other stood up under 3 o r  4 sho ts  and f a i l e d  
~t 1200. The f e r r i t i c  plates,  if I rn correct,  took veloc i t ies  
up t o  1400. 

"Of the 112" ~ l z t e s ,  two  pnssred without appreciable cracking, 
while t he  third was cl .sss i f ied as 'no t e s t '  because the armor 
broke badly without dans~ging the weld. It nay be mentioned t h a t  
1-1/2" plates  were welded with preheat ranging from 150 t o  250, 
depending on armor comp?sition. I t  now appsars that that preheat 
is.  necessnry in the case o f  the heavier armor. We are  t rying,  
of course, t o  'see whather we cannot develop a rod which w i l l  re- 
quire l i o  preheat at al l  on heavier plato and further increaae the 
ballistic porformanee. We are now pretty close t o  the limit of 
average armor p la te  i t s e l f ,  but n o t  quite up to the performance 
of rea l ly  good armor, I don1 t want you to fee l ,  however, that 
because of these successful laboratory tests t h e  electrode is 
ready t o  be put i n t o  imediate production use. Wnthing is fur- 
ther  f rom the  t ruth* Considerable work w i l l  hnve t o  be done by 
fabricetorg khamselves, t o  f i nd  nut the  character istics ~f the 
e l ~ c t r o d o  under productinn conditions. We have boon fortunate 
i n  that Fisher Body hrts s t a r t e d  experimenting with this electrode 
under production conditions. I bol iove  they have secured ten- 
tative n~prova ' l  qf twn jvfnts on p vehicle they are building,  
subject t o  c e r t a i n  spec i f i c  radiographic t e s t s .  

"The dcvelnpnent of spot welding of .arnnr p l a t e  has been con- 
fined chiof ly  tn f i n d i n g  the mos t  cfficiont wqv of nttaching c l i p 8  
t o  armor plate of nircraft typo. Dr. Hoss hns 'Doen concentra t ing 
his activities on f i n d i n g  a spnt-wolded b~ck-stran-to-armbr 
c ~ m b i n z t i o n  which would stand the highest shock i m ~ c t  es deter-. 
mined by a 20 m. high explosive shell. 

"On explosive t e s t  development, ve have def Sni te ly  es tab1 ished 
t h e  f a c t  that no specimea o f  small physical dimensions, such as a 
plate  2" o r  3" wid8 and 1-1/2" thick, can be considered represente-  
tive of the welded j o i n t  under impact conditions of testing. The 
t e s t  on 2" and 3" wide specimens &I not correlate  at all with the 
performance of big  plates. Of course, it was our hope t o  be able 
t o  develop a t e s t  wherein we could use a conpar~tively sw.11 piece - 

of explosive and a smrtll t e s t i n g  specimen. It would appear now 
that, due 30 entirely different internal stress conditions on a 
small specimen, the s m a l l  specimen is not reproscntative of the 
conditions exis ti% on a l n r g e  weldment. 

"There is a weldabi l i ty  investigation conducted nt Lchigh 
University, wherein an attempt i s  being made t o  find a t e s t  which 
will qmnti tatfvely dctormine'  the w~ldcbility of eloctrodc and 
plate combination. Brief ly ,  tho bast  cons i s t s  of depositing weld 
metal i n  a tor ture p ln t e  very similar t o  the ltavy torture plate ,  
except that it has a double V j o in t  and except for the fact tha t  
the width or' the window frame around the j o i n t  is veried at w i l l  
by cutting s l o t s  in the plats pcrpondkcular t o  tho l i n e  o f  t he  wbld,  ' 
which introduces n variable amount of r o s t m i n t .  The amount of 
restraint 2t which c r ~ c k i n g  f i r s t  occurs can be then considered ns 



typ ica l  of a particular electf ode plate comppsition. A change fa 
composition would invalve a different restraint number assacfated 
w i t h  tbat steel," 

Several questions were asked of kjor,Pippel regarding the performance 
of f i l l e t  welded and spot welded armored vehicles in the North Africm 
Theater. These queetions were hnswered off the record. 

I t  was deaided to hold the next meeting in Cleveland in February 1944. 
Meeting adjourned at 2:l5 P.M. 

I t  waa notable that these meetings were now apparently free from the 
bitter, prolonged arguments  bout controversial aubjects such as occurred 
at previous meetings. This could, be escribed to tkfo fectors, either of 
which may be prlrmrily responsible. Poss ibly  the production situation had 
more or leas  settled down t o  a standardized corzdf t i o n  in  which requirehlents 
and proce&u.es were better understood and fol lowed vith bnfidence or the 
Grow meetings of the previous dny were functioning as a sort of OSCEbpQ 

valve for the gripas and mgum~nts  which could be more effectively debated 
and s e t t l e d  In the smaller grow of intorested persons than in the larger 
Subcommittee meeting. It i s  that both f ~ c t o r s  are t o  Borne extent 
Involved. It was noted t b t  in many instances individurtls often attended 
koup meetings in which they were interested and did no t  attend the  meeting 
of the Subcommittee. 



FOUR'PrnTH MEETING 
~ C O ~ I T T ~  ON W&J]XNO. 08 AMQR 

TlXURSllAY, 11 MAY 1944 
HOTEL GL%VlCli4lQ CLEVXULND, OHIO 

The fourteenth meeting of the Subeommfttee was held i n  Cleveland, 
Ohio on 11 &y 1944 at the Cleveland Hotel with 120 ,persons in attend- 
ance represent ing: 

Industrial - United States 
Tank Fabricators 33 
Armor producers 5 
Core Wire Producers 7 
Electrode Manufacturers 27 
Resietance Welding Equipment Mfrs. 2 
Aircraft pabr icat brs 2 

Government - United States 
Ordhance Department 2 2 
Headquarters, ASF 1 
Navy Department 4 
Army Air Forces 2 
War Production &ard 2 
N a t i o ~ l  Rehearch Council 1 

Guests 3 

After brief opening remarks 'by C o l e  Zornig, Nr. Sweeney reported on the 
general alloy s i tuat ion{  

"The alloy situation is considerably better than the last 
time when I g m e  this report. Howcvsr, it i s  not nearly as good 
as some of the roports and rumors would lead you t o  bel ieve .  
And there  are so many variables that are connected with futura 
programs. One of thorn is what the Army referrs to as the f l u i d i t y  
of war. ghey find, after k v i n g  actual bntt le  experience, that 
they need more of one type of equipment and l e s s  of nnothor, or 
they make soma other change i n  program as the war aeeessitatoe.  
So far the War Manpower Commisaioq has not given a great d c d  of 
recognition to the manning o f  metal arose And the people t h a t  
are responsfble f o r  the al loys  Fare quite worr-ied. 

"At the present time the consumption of molybdenum is in 
excess of the production, Fortunately, in tho good peyiod a 
fairly goad stockpiie was built up. kt it mRkee it necessary 
to keep a careful w ~ t c h  on al l  of thege alloys. Another factor  
tha t  varies, of courso, is the erhippihg. Chrome that is required 
i n  the production of ferro-chrome, n l o t  of it comes from over- 
seae, And you have t o  g o t  i t  down t o  the port, and there is 
trouble with the ra i l road  there. You have t o  g e t  shipping wacc 



find that is pre t ty  weli occupies nowr In addition to that, you 
have to compete with mnny other  items. suddenly it m y  be neces- 
aRry t o  give one o f  our n l l ios  quf t e  a considerable amount of 
nickel or chrome or molybdenutn, or some other d l o y .  And t ha t  
i n  turn offects  the  amount thR$ i s  available for us. 

" A t  the present time one of the reasons we feel that the 
alloy s i t u t i o n  is as favorable as it i s  because of the con- 
certed ,effort t o  make use of the alloys that a r e  in al loy  steel 
and a l l o y  i r o n  scrap. And one of the phases that help t o  use 
this is the t r i p l e  a l l o y  program. That is not only the utiliza- 
t i on  of the al loye,  but t ha t  f s supposed t o  help t&e up the 
slack, or the excess stocks, o f  alloy scrap which are available, 
and ease tho strain on the carbon ateel scrap which has been 
dwindling ~t B rather alarming rate." 

Mr, b h s e  raised a question: 
"I should like t o  ask Mr. Sweeney about the molybdenum situ- 

at ion,  the Type 6 electrode, whether the Type 6 electrode is 
s t i l l  restricted t o  face-hardened armor, o r  whether it i s  per- 
missible for other  armor." 

Mr. Sweeney replied: 
"There is no restriction, M r .  Danse, on the use of molyb- 

denum in welding electrodes. The electrode producers were noti- 
f i e d  of that, if I recall correctly, some time in January, %hat 
the restrictions would be rarnoved as of F e b r u a ~  1. They could 
start production of either the Grado 5 o r  Grade 6 electrode f o r  
any end use, Of course, in that connection we feel that any 
plates t h a t  anyone wants  t o  use molybdenum i n ,  where it can help 
do a better job, that that is al l  right.  We wouldnf t want soma- 
body to just put a l o t  o f  molybdenum i n  i f  they didn't feel it was 
necessary. '' 

Col, Zornig commented: 
" k i n g  t h e  time when moly was very short, everybody, of 

caurse, got down, further down and fur ther  down, Now, of course, 
some of the stuff is coming home to roost, And in our t rouble-  
shooting work at Watertown we have run i n to  a couple of cases of 
w h a t  looks  l ike  bona fide temper br i t t l eness .  ' If that turns out 
t o  be prevalant a t  all, w h y ,  we are going to bo In a pretty bad 
way. And I arb not  sa sure  but that in those products which de- 
pend for thoir usefulness on t h e i r  behavior i n  the ballistic range 
that we aro not due f o r  a very eerfous w i n g  of moly, from e. 
third t o  a hdf, probably because of tho posefbi1it;y of r o d  
temper brittlenesg that we are running in to ,  We have now run ilr 
t o  R coup10 if oases-that look l i k e  bona f ide  temper brittleness." 

And Mr. Sweoney erdded: . "You might find from your experience, or =be the &w 
w i l l  f i n d  out, tea, that they need mrs chrome or more nickel, 
or maybe theirs is nore molybdenum, too. So for someone t o  try 
to project i n t o  ,the fqturs what the alloy requirements are goix 
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- 
t o  be and say you hever have t o  worry about then aay more i s  
rather  risky, we fee l .  

Mr. McDowell reported f o p  the Homogeneous Amor Fabricators' Groutp: 
"The Homgenoous Armor Fabricators~ Subgroup has held 

two meatings since the l n d t  meeting bf  the main subcornittee, 
' 

We held a meeting in Detroit on March 2nd. The main point of 
business st that meeting was consideration of &vision 5 of 
specification Us497. This revf sion has beeh in effect  for 
several months M W *  

"However, at the meeting yesterday Liewtenant Mllon  of 
the Office of Chief of Ordnmnce, in Detroit, informod us that 
anothar amendment t o  the specification, Amendment 2, w i l l  be is- 
sued shortly. I w i l l  t r y  t o  cover some of the chmges that this 
amendment deals with. Under the first one, it was on Pwe 4 of 
tho  specification, Iten 6 under Table I, which l i s t s  the factors 
fn the welding procedure specif icationb Factor 6, which covers 
electrode sizes, an addition h s  been m&de to Column 3, W e r  
this item which requires that the diameter or diameters of 
electrodes which w i l l  be used $n the r o o t  p ~ s s  of 8 j o i n t  for 
the various r o o t  dimensions from m i n i m  t o  mxim a~imJ.1 be 
stated in tho procedure specification. On p e e  10, Paragraph 
F-2b (41, which covers pos i t ion  of welding for operator q u i f  ica- 
t i e n  plates, there evidently has baen some mlsfntorpretation o f  
the requirements of thlle parragraph in respect t o  the pos i t ion  in 
which the aperation qualification t e s t  plate waa welded. And 
these  notes h ~ v e  been added: 

'I1 To qualify the operator in tho f l a t  position, test 
plntos ahal l  bo placed in approximately a horizontal 
pl~zna a i d  tha weld metal &hall  be doposited from the 
upper side, 
'"To q u d i f y  the operator in  the h o r i g ~ n t a l  posi t ion,  

the test plates shall be placed in an approximately v e ~  
t i c a l  plane, w i  t5 tha welding groove in an approxfmatsJy 
h o r i z o n t a l  plane: 
"'To qualify the operator in the vertical p o s i t i o n ,  the 

t e s t  plate shall b e  placed in an approximately vertical 
plane with the welding groove in an approxi&tely ver- 
t i e d  p e i t i o n .  
" ' To qualify the operator in the overhead position, the 

t e s t  plate shall  bo placed in  an approximately horizontal 
plane and tho weld metal shall be deposited f rom the under- 
s ide position. ' 

"On page 13, Paragraph H-3, tho en t i r e  paragraph s h a l l  be 
deleted and the f o l l o w i n g  substituted: I t  was suggested that i n  or- 
der t o  obtain adcurate measurements of the veldi\ng current, a tow 
type tester should be used, On Page 13, Pm~graph R-4, in order 
t o  clarif'y the requirements of the meaning of this  pmagr~ph, the 
following has been added: " Radiography of product'ion weldments under this  speci- 

f i cs t ion  is l3mited in amount, and the proviafons are 
' intentiomally stated in such a mnner that no interference 



with productiob w i 1 1  rssult, As provided for, radf- 
ography is t o  bs ueed as a tool for the development of 
aatfafhctory pl'aceb'lrres and t o  provide sufficient spot 
checki* at iatefqds so t k f  a contractor w i l l  know 
when something has gone w o n g  with the procedure and 
can take steps t o  make the necessary corrections. Radlc 
ograpby RS incorpo~atad in this speciffcation 1s n4t 
intended t o  be w e b  for the purpbee af ~ ~ C e r t a l n i n g  that 
evhry weldment aocepte4 meets the specified stsndmd. 
Instead it is intehdod to aagure that lodariq of q W i t y  
uiJ1 be d i s ~ l 0 8 6 d  and t H & t  remsdi$~ meaeur8s w l f l  be 
%&an by the c o n t r ~ c t b ~ ~  

page 13 add 6 s  P~sagraph H-7--thls coverrr the. explamtioh 
of the change in requirement of Item 6 in $able Irl--lThe contractor 
shall slpecify in h i s  welding procodwd the dim'eter of the electrode 
t b  be uaed for the deposition of t h e  r o o t  pass in each width r o o t  
opening f rom the minimum t o  the maxfmumd In the opsrhtion of the 
specification the cndtractor may use a smaller di~pleter of electrode 
than that specifled fsr tba pe.rlicular r o o t  npaning, but he m y  not  
ilse a larger eleclxrode then t W t  specified without reaudifying h i s  
p~ocodure.' 

"Another note has alao been added ~s P~ragraph H-$, which 
&avers the d e f i n i t i o n  of w b t  is  the front n f  A b a l l i s t i c  test  
plate. 

"'Metal groove j o i n t s ,  the fion# of the ballistic t e s t  
plate shall ̂ represent the aide on which welding, exclu8ilAg 
backingl is begun in e$ch leg nfid crossbar. Far aingla 
groove joints the front of the ballistic test plate s k l l  
be that side which xepregentlj the butside or b a l l i e t i c a l l y  
exposed s G f ~ c e  o& +?hd ueldment. When A plete  represents 
several single groove J o i n t s  af a, weldmentg some of  which 
have the wide side of the groove an the ins ide  ewface, 
fhe wide side of $ha groove sha l l  be the frant sideat 

"On page 11, $able 11, the allownblo weld cracking for H y l a t e s  
made from 1/2" Polled homageneous armor lms been changed from 12" 
t o  15'! This change w a s  bade as a result of a survey of a con- 
sido~asble nudbur of 112" ballistic t e s t  plates which had been fired 
a t  Aberdoan Pioving Ground during tho  period nf Aprll 1, 1943 t o  
F e b v  1, 1944. In this aurvay 113 test platas  were corisibered, 
and only those welded wi th  auatenitic electrndas, and plhtes with 
impacts within the required limits of accuracy and veloci ty ;  of, 
these 113 p h t e a  it was f w n d  that j2.& f ~ i l ~ d  on a btksis of 12'' 6f 
allowable oracktngc If a l l  the p ls tos  of those 113 plbtes  wars 
elihinated which faif ed t o  pass the radiography- t e s t  r this left A 
t o t n l  of 93 plates. O f  these 93 plates,  .32.j$ f h i l e d  on the baais 
o f  12" of allowable cracking. If  kh4 d m m ' b l e  cracking w ~ s  chawsd 
to 15", it was fbtlnd th t  21~2% would fsil, i f  tho 113 ~ l a t a a  were 
considered; crr if tho 93 plates which b8. passdd tho rhdiagra$l.fy 
t e s t  wepe considerdd, thdn the percentage of fallixes on th8 basis 
of 15" of allown%ld cracking would be lgrh$, The gurvey was dm- 
ried cln further, and nnly thoss plates usre consideroa on which the 
f i r a t  impact WRB fair. This gave a t o t d l  of $3 plates. And on a 



basis of 12" of allowable cracking* the pcrcen-e of failures 
waa 36.2. Baaed on 15' of Etllo.wable cracking, the percentage 
of failurors dropped off 25%. Of these 83 plates, eliminating 
$hose which fai led t a  pass the radiography t e s t  l e f t  a t o t a l  of 
69 plates. And based on an allownblc cracking o f  12", the per- 
centage of failures WRS 33.8, While baeed on 15' of a l l o m l ~ l a  
cracking, the percentage of failure was 23%. 

nQn page 5 of the spacif icntion, Paragraph P3c, the radi- 
ography requiremants f o~ operator qmlif icat i o n  specimens were 
changed so that these platos now must meet Standard I1 of Spaci- 
fication US-476, Appendix I, inetend of S t a n d ~ d  I ne previouslY 
required. On page 9,  Psrag~aph 3'-2a(l)f, the following has beon 
added for clarification of tho i n t a n t  of the spscif icsxtion: 'The 
radiograph shall be reviewed by tho inspector as prescribed in 
Specif fcation AXS-476 t a  determine compliance w i t h  Specification 
AXS-476, Appendix I ,  Standard 11, Miographa accepted by tho 
inspector shall be subject t o  review by the testing agency asld the 
decioion of the t e ~ t i n g  agency shall bo fin&. 

' 

'At the request of the Electrode G r o u p ,  consideration w a ~  
given t o  A ~uggestion the.t roprosentatives from &ch grow ~ttend 
the o t h e r  group meetings in order that the electrode manufacturers 
may become more familiar with tho problema of the fabricators, and 
also that the fabricators might prosent agy ulectrode problems 
that they night h v e  encountered in the course of thoir  work* The 
group expressed a willingness t o  accept raproseatation f rom the. 
electrode manufactwars' group t o  sit in nt the fabricators1 meet- 
ings. But the qu$stion af sending representation t o  t h e  electrode 
group was not definitely settladb 

"Margr of the fnbrfcatorh: are aesirous of obtaining permission 
to use the ferrit ic electrodo which has been developed as the rosuLt 
of work  on a62 elcporimontal pra jec ts .  And considerable dissatls- 
faction was q r e s s e d  with the f a c t  t h t  no definite steps have 
been taken to  approve ferrit ic  wold iw for  production uso. A mo- 
t i o n  was nwde requosting that the Office, Chief of Ordmnce, Dot ro i t ,  
take  steps ta approve ferritic welding according to requirements and 
procedures of NRF2 t o  either place NRC.2 f e r r i t i c  welding under 
+ecificatibn Us497 of the latcst revision, or immedf~tely i s S u e  
a spec i f i ca t i on  t o  cover NAG2 ferritic weldf ng t o  the Homogenaous 
Armor Fa;bricators f o r  immediate production schedules. It is planned 
t k t  in the near future a meeting t s i l l  be held f o r  the purposes of 
standardizing the  Jo in t  deaigns used by the v~.rfous fabricators, 
~ n d  that such a standardieeetion w i l l  probably be baeed on tha  j o in t  
designs and the specification USCg00.'' 

Mr. Abbott reported on activf tias of the! Face brfieneit Armar G r o u p :  
"In the past pcar, pcrrticu;larly the past six months, thera 

hhs beon consfdereble curtailment in tho production of f a c e  
hardened amor, with tho  result that n number of  nrganizations 
hAve stoppact making it altogether, and the few tha t  m e  now making 
it are making it i n  rather limited quantities, The group as it 
now exis ts  is of only o. few members, and I am making n report  from 



what has been gathsred from these members, not a5 gathered in 
s meeting but mther f ~ o m  peraoml contact. The current use of 
face-hardened &terial In combat vehicles has been now so re- 
atyicted that i t  is generally applied t o  only special applications, 
and the bulk of it f a  in thicknesses of 1/2" and under, with a 
small amount of 5/Sn xmterfal being used, O f  the fabricators  
remaining now producing this  mteridp each has a procese of cas- 
burizing the material' and heat treating that Is apfllceible t o  
hfa equipmesat. And in a great mlly cases the technique of welding 
that works satisfactorily in one organization is not altsgether 
sat  isf sctory in a m  ther one, 

"With the pa& method of carburixing, 'oy whicb perhqs the 
greater bulk of face-brdened material is produced, the welding of 
that has been generally satisfactory In the geruges mentiomd, in 
that they pass the raquirements of the existing Specifiuation 7S7, 
together with the nscesoary radiographic requirernenta. There has 
been same discus~ion with the Tank Automotive Center Eae t o  the 
perfarmaace o f  weldmenta that were mdo prior t o  the heat treatment, 
on the poss ib i l i t y  of carbon migration from the high cwboa face 
o f  the plate t o  tho weld metal, and aggravating o b r i t t l e  zone ad- 
jacent t e  the weld. T h n t  subject h ~ s  been undor itweetigation for 
quite a while4 And the results so far are inconclusiver The plates 
have been submitted to d'berdeen which havo passed very satisfactory 
tests, By the welding of  face-hardened baforo heat treatment we 
f ihd  that the wewened zone that appews i n  weldmenta &tor heat 
treatment i s  reduced t o  only the zone thet is c r e n t e d  by the weld 
metal Itself. And there is considernble atrees roliaving in the 
hardened face dur$ng the heating of the mteriaJ prior t o  the 
quench, with the reeult that there is l e s s  cra&ing, And we thf nk 
i t  f e  a dwcidely superior joint. We can further  elfminate quite 
a b i t  o f  d i s t o r t i o n  ;by tbt metho&. 

"We have also found that a weldment of hard homo, aircrdt 
, homo, that _is being produced under AXS.1 specification can be 

succeasf ully welded t o  f ace-hardened material, par titularly if 
the- technlque i; used t ha t  is the same as used for the welding of 
face-hardened. The type of rod that we use originally started out 
with a Ty-pb 6. T h t  is the moly modified rod, and the producers 
wePe supposed to have FL stock of that avafls'ble for those who worn 
welding facehardenad, But we found when we went ' t o  get it that 
it waanl t available. So we have evf tched over t o  the mahganeee 
mdified rod, which we can obtain without much trouble. And we 
find t h t  we are getting pretw good results with the manganese 
modified. I t  takers a 1iCtle  more s i c i l l  on the  operato& part t o  
use it, But we axe ge t t ing  very good results with it, so we aro 
satisfied in that respect. 

"The &ray at one time was very ssverely criticized because the 
contention -a raised at the early stages of the committee meotings 

, that it did  not tell the truw story. I think that is s t i l l  true. 
However, it doee one thihg that I think tf i t  d id  this one thing on- 
ly would warrant a continuance of the use of X-rays i n  determining 
the acceptnbility of a joint. We have s e t  up a achool in which we 
prefer naw t o  t a k e  green men and educate him, keep him away from 



structural steel and others and start him in on armor plate, 
teach him the hard ww, so t o  apeaka In that w a y  we are dev- 
eloping welders that we f ind m e  superior weldore ineafar as 
Alrmor plate is concerned over that type of welder that has had 
experience on other types of steel* But we have Pound that X- 
rw enters in to  this on a psychological manner. Before s welder 
is allow& t o  advance fram one t e s t  t o  another we have him mke 
up ample plates, ~ n d  those joints are X-rayed. And his atten- 
t i o n  is cal led to the quality of, the work through the Grw. We 
f ind  that this is a fm bet ter  means for axplainirg the objective 
of the welding t o  that welder than my other method that we know 
of, And we perhaps believe, a d  it is moro so applicable t o  f ll- 
let welds, that the X-ray certainly i a  playing its part in dev- 
eloping a good J o i n t ,  although it doesn't tell the s t o w ,  I think, 
that ~ E E  been expected. 

"Thero are not very many of us that are-producing f a c e  
hardened, and a number of them that are pmdyciw face-hardened 
material produce it in such small quaatitiee that they don't feel 
t h a t  the expenaa of en te r ing  in to  an experimntal program t o  try 
t o  increase the eff icf eney of the woldments of face-hardened 
material warrants going i n t o  this g r o u p  And I believe that if 
this group ware permitted t o  branch out and t o  either  combine with 
or Join in with another g r o q  that  we could make better progress 
faster." 

Col. Zornig suggested: 
"Mr. Abbott, in that connection, I don't 19ke t o  dieband tha  

group a s  such, becauso no one can t e l l  in this war w h t  is going 
t o  happen next; I should l f k e  t o  see you maintain yourselves as a 
sepnrate group, but meet with the &aogeneoue hbricetors' Group 
or the Aircraft  Fabricatorst Group, as you and their c&irmea see 
fit.'' 

Mr. AbbbtL agreed t o  t h i s  suggestion and Mr. Warner raised fi question: 
" I  think Mr. Abbott stated that if the weld is heat treated 

after welding, the heat offec* is confined to the weld itself. 
And I w a n t  t o  ask him if the weld which i s  performed prior t o  
heat treatnont is done with an austenific electrode or ferrftic 
electrode?" . . 

I 

TO which ~ r .  hbabbott replied: . . 
I1 The welding in all cases a s  reported t o w  i a  austenitic 

rod. I thought f made t h ~ t  clear. 4ustenit.f~ rod, manganese 
modified. - We b.ve  t'ried some f erritic welding with indifferent. 
results.  The heat-affected zone in armor plate practically dis-  
appears by heat treat ing after welding." 

Mr. Warner asked: 
n I s  i t  the practice to remove the rqinforcoments on the weld, 

or t o  l a v e  them on just 8s they arc deposited?" 

"We loaoe  reinforcementa on the welds..as far as possible. II 



Mr. Disbold raised a question about fsrrit ic  electrodes: 
"There was considerable discussion of the ferritic electrode 

yesterday and 1 am afraid it was one-aided bacauhse the Ordnance 
Dqar tment wasnl t ready t o  df scues f t. 1 would 1 ika t o  ask Capt. 
flandnll, if he is ao wfl l ing ,  t o  state his depwtmental policy on 
ferri t ic  welding as of today." 

To which Captain h n d a l l  replied: 
"I am sorry that there has basn any misunderstwding as to 

the policy of o w  o f f i c e  on the subject. But 1 might out l ine  
very briefly aibout four or five things on that connection. First 
of a l l ,  as mot of you know, our off i ce  has been very much in- 
tere~ted in the ferritic program, find ns a development program we 
consider it t o  be a very out~tnnding contribution t o  the knowledge 
of wcldflng, However, from the etandpoint of tho praotical aapects 
o f  the tank program a5 i t  stfinds t o b y ,  therg i s  no intention on 
the part of t h e  Office, Chief of ordnance, Detroit, to mnke any 
attempt t o  convert over existing jobs to ferritic welding so far 
as instruct ions  from that off iae  are concerned. There are cer ta in  
cases where under contralled conditions I t  be advantageous t o  
everybody concerned. Accordingly, the policy has been established' 
that ow office w i l l  r w i e w  and caneider sny request for use of 
the f erritic process whfch a fabricator cmes t o  submf t. To date 
I think such requests have come f r o m  a t o t e l  of one fabricator. 
And I can maka this statement, that up t o  about eight weeks ago, 
at  any rate, wa were a t i l l  seeing f e r r i t i c  welded &plates, ono 
and one-half inches thickness, mnde with electrodes which supposed- 
ly were of the same genera5 type a a  this electrode, at least tho 
deposited metal range was the same, and they had stainless steel 
type coatings on them. Ono of  them thnt I can think af at tho 
moment, a 1-112'' plate, 1200 foot-soconds fell In two pieces, f 
can think of another serios of f ivo,  wolded with an electrode-- 
fnur or  f i v e - o n  whfch I think on ly  one out cf the f o u ~  or f i v e  
plates passed tho austenltic requirements. As a r e s u l t  nf that 
experience NRC has narrowed the range o f  e lec tr~des  which they 
cnnsider t o  coma w i t h i n  the scapa of t h t s  develapmsnt, t o  exclude 
the electrodes whf ch I just referred to. As ts result of  that ex- 
clusion an at tempt  t o  dofine the f e r r i t l c  olactrode specification 
wns prepared By Nattan.1 Research Council i n  an attempt to more 
f i r n l y  dofino w h a t  we are ta lk ing  about when we talk abmlt this 
ferrit ic  electrode, that we dfdnl t know before. 

"There h a  been an additional suggestion made which our of- 
f i c e  considered desirable, not o n l y  in eonnectiofi with this prob- 
lem but in connection with some athors, with many athers, not o n l y  
f e r r i t i c  welding but al l  types of welding in the tank pmgrm, And 
that is that periodic neetings, perhaps monthly, ba arranged with a 
small group of fabricatora and Office, Chief nf Ordnance, Det ro i t ,  
including those fnbricators .wh are actively invclved in tha fa%- 
ricatiorl of vehicles, at which time perhaps i t  will be poersible t o  
preeent some of the data t o  them with which they of  necessity can- 
not  be fnmilitu, aad an which our  office baeee certain of its de- 
cisions." 



Pollowing thre oxplanation Crrptain Rmadall reported f o r  thb Electrode 
Group: 

"The Electrode Group yesterday had an urrusmlly quiet meet- 
ing, Tho first item was the use and dsverlopmmt of electrodes 
suftabJe for both AC find DC operation. ThQ problem requires a 
P i t  tPe amp1 if ieattoa, because the present eleotrodeh hnve been 
used od both currents. However, it is understood that some manu- 
facturers have develafled ~ n ,  electrode, or, I should perhaps say an 
electrode casting, which does not f it  either the present def in i t i on  
of a lime coating or  that of a titania coating, Tho Nmy Pepart- 
ment has indicated a considerable interest in this  elactrode coat- 
ing for use on 25/20 +rod for emergenq. pulposes in connection with 
fleet uset The reaaon for tha t  being that they h v e  both AC and 
DC machines, and it is highly undesirable to furnish two types of 
electroden under those conditians. Bocause same ordnance facilftias 
in the tank program h v e  AC equipment, some exclusively, and some 
mixtures of AC and DC, ordnmce is intereatsd ip t e s t s  of this 
type of coating on 18(g electrodes, As ye t ,  the t e a t  information 
mailable t o  brdnanca Fa so lfmited that no cornmoats can be made 
gn i t .  But it is contemplated t h ~ t  if the electrode provaa t o  be 
equdly  good in d l  respects to the prosent lime u d  tit~nfa types, 
8 new designation w i l l  probably be added t o  Specif ' ic~t ion M6, if 
and when that time comes, t o  take caro of this now development, 

"The gecond ftem very briofly was one which is a l a o  of in- 
terest t o  the fabricators, It refers t o  the a ta tus  of electrode 
approvals under Ordnance Specification B X S . g g 6 .  It is understood 
at present that all the t~sts have been completed by Philadelphia 
Navy Yard ~ c d  that  a11 of the reports are now in the r & i l  en route 
through channels to our office. That being the caeo, it should be 
possible t o  issue the list within the next three t o  faup weeks, as- 
sum5 ng that those reports cone through promptly. The delwa were 
not by any means d l  due either to Axmy or Navy pracodure, o r  t o  
delays in testing. In many cases electrodes hnd t o  be resubmitted 
because of failures on tho i n i t i d  tests.  In fact, I believe thnt 
the statement was made that in the Case of one or two electFodes+ 
that krad to be done throe or four timoa, which meant repet i t ion  of 
the tests. So thnt ac tml ly  Pnstend of  going through n single 
aeries, it was several on some ~fectmdee,  

"The next item was the mntter of l infson between tha ncctrode 
Group And tho Homogeneous Armor ~ a b r i c n t ~ r s '  GroupL  which wag men- 
tionod by Mr. McI41~ell. And after some diecussion the Eloctrodo 
Group decided hnd cnrried in the form of a motion that it would 
be dasirzble t o  hnve 3 reprosontntivee of electrode prnriucers, and 
one reproeontative of caro wire prnduccrs to act as l i a i s o n  with 
the Hoaogoneous &nor Fnbrichtnrs' Group so that the cnnplalnts, 
arguments, nnd other items discussed by the hbricntors' G r o q  
that rolatod to electrodes could bo proporly trhnsnitted for con- 
sideration. Tenpar- representatives .were picked f ram those 
present a t  the nesting ycsterdlyr, anc the j  attended, I believe, 
the lnt ter  pwt of t he  Homogancous Armor Fabpicatorsi G r o u p  neetiwe %. Humberstoncj, National Rosoarch Council, rliscusstsd tho 
next item on the agahda, which was tho  prcposed spocificetion for 



NRGU Qpe of electmdern. This specification was prepared by 
National Research Council and hecd as f t a  primary purpose es defini- 
t ion  of the electrode with which they had been working. It was 
not intended to inc2icate that there might not be electrodas out- 
s ide the scope aP that specif ictltion which would be equally sat la -  
factory, But i t  wmde fairly cleerly brought out at  the meeting 
t h t  as written the apecification was intended to be er, de f in i t i on  
not in one sense A performance epecification. It does not cover 
a class of eleclrodee. It covers a epeciffc electrode, The next 
item on o u r  agenda was a rwpoxt by representatives of the Navy De- 
partment on work which they have f n progresso However, upon anal- 
y s i s  of their data thw concluded that they wore not ready t o  make 
such report. The other two subjects diecussed at this  meeting 
were mentioned by representatives of the War Production Board. 
Mr, Sweeney gave a roport of the a l loy  s i tmtion,  which w i l l  not 
be covered in the Electrode Group report since i t  was largely in- 
cluded in hla diacuesion this morning. Mr. U l e  of the W a r  Pro- 
duction Board mentioned R new apecification now in procass o f  
preparation f o r  export packing for shipment of electrodes.'' 

b J o r  Dunlap reported for the Aircraft Armor Fabricatorls' G r o q :  
"I do not have a report to make, exaept I would  l i k e  t o  s t a t s  

that the joint Army-Napg specification covering the arc weld ing  of 
aircraft armor has finally been approved and i e  now i n  the hands 
of the printers and should bo ready for distribution within the 
next f e w  aaysll' 

Mr. boper reported for the Resistance Welding Group: 
"Yeoterw our subgroup meeting was a continuation of the work 

that has been going on s inco  this grow started, and basically ap- 
plied to information concerning perhaps the eventual completion of 
AX$-969, In the last year or  so  these varfoua tentative specifics- 
t i a a o  baing drawn up have included certain values without having 
an opportunity t o  correlate the listed firing with the various 
types o f  plate8 m d  the different types of alloys, backing stripa, 
and so forth. Lset fal l  the AC, real iz ing t h i s  deficiency, started 
t o  g e t  some t e s t s  made of the new Doubla I plates,  36x36, which 
were t o  be tho oquivaent for resistance welding of the H-plate for 
axe: welding, mince the H-plate doesn't lend i t se l f  to be a proper 
judge b f  good or bad rs s i s t~nce  welding and j o i n t  efficiency. A t  
the request of40SRD, Professor Hese slid associates made a complete 
recording o f  variable8 under which the plates were welded. They 
were proof fired st Aberdeen, Capt~lin Plass presented a report on 
the proof f ir ing ,  which w a s  also discussed. In bath eases they 
covered the plates proof fired with both 20 and 37 knm. IFE. I t  is 
anmewhat the opinion of the bmmittee that the present Army Ord- 
nance coht~rzcts do not  call for very lnahy possible ~pplicatibns of 
spnt yoldlng to  butt joints  on their type contract, However, there 
i s  a u a s a i b i l i t y  of a great  many applfchtians f o r  the aircraft  weld- 
ing o f  ~ r m o r  an c l ip  attrchmenta, and 1 am sure you w511 be inter- 
ested in as many of the de ta i l s  as Dr. Resls can give you an the re- 
sults of those firing t e s t s  which have gone an in the last few 
months. " 



Prof. Hess reported on the progrsm referred t o  by Mr. hoper:  
"Probably in accordance with Mr. Cooper ' a  suggestion you 

would l ike  t o  hear a l i t t l e  bit about the work which we did in 
connection with measuring the variables which went into the 
plates prepared and. f i r ed  in the form of Double I plates. There 
were four duplicate Double I plates prepared, wing 5/16'' armbr 
with six different butt strap combinatione, lnaluding three 
thicknesses of mild steel and three thicknossee o f  armor butt 
straps. The plates were welded uaing a machino employing thermo- 
couple cantrol ,  And t h i s  type  of control was intended to campon- 
sate  f or  changing reactance f o r  r o a i d a  heat in the plates and 
for short circufting affect of aajacent spot welds. The meamme- 
ments o f  currents were made f o r  each weld of a complete r o w  of ten 
welds across a typical plate for each of the iix combinations* 
Typical thermal records ware made of tho heat treatment, since these 
welds wers first used and then grain refined and subsequently tom- 
pered autcrmtically within the welding machine* Measurements wers 
&lso made of the pressure cycle used. 

I t  The plates were not  very successful in the firing. 'h could 
have predi cted t h e  from the measurements f o r  these reasons: C u r -  
rent  variations f ~ o m  wold t o  weld were apparent from the measure- 
ments, This indicated that the autolnatic cwrent compensation 
feature which was used in this equipment w a s  not functioning proper- 
.ly. Variations in the temperature raachod during h e ~ , t  treatment 
noted on typical thermal records iadkcntad that the heat treatments 
were also not being duplic~ted. Since prsviouer experience in our 
awn laboratory h e  shown that if current compensation is not ef- 
fective ~ n d  if hant treatments are no t  duplicated that e ~ r a t i c  re- 
s u l t $  would be obtained, we didn't  o q o c t  to have too  much success 
f rom these plates. One of  our man was present fit the fiting; of 
these plates. A great mqy o f  tho welds were not oven fused at 
a l l ,  find numbars of others warc only  f r o m  114 t o  1/2 the proper 
diameter, The combination which they had been welding l a  produc- 
t i o n  was the  weakest flf the six cambinztions used, and the leaat 
exacting from tho s tandpoint  of cont ro l .  Their experiments and 
o u r  own experiments have shown t h t  arnor backing strips aro con- 
siderably superior ballis t ically t o  mild s t  eel  b~.cking strips. In 
spite  a f  the quality of the welding, which was not  very good, the 
mild steal  backing strips Cracked. Tho 3/16" mild  steel  back strip 
crackad in a lmos t  every case, indibialing that tho backing material 
used in that case was not adoquate for bal l i s t i c  f i r ing .  Not  only 
had thoy developed an excellent procedure f o r  the con t ro l  of the 
welding o f  5/16" homogeneous armor t o  mild  steel, which w o u l d  work 
satisfactorily i n  production, but a l s o  they bought the best equip- 
ment which was available a t  the time. 

"For instance, the  typo of grain refinement which they use is 
w h a t  we w o a d  c a l l  a 'pesk grain r e f i n i n g  treatment' in which the 
temperatwo is brought up to the grain refining l eve l  p~ld  held there 
for a fow seconds. The great  a d v m t ~ e  of this type  of trestment is 
that it avoids a stcep thermal gradient resulting in rt condi t ion  o f  

a grain refinenont possible ~t the edge and remelt in t h e  center of tho 
wold. 'PypicaJ microphotographs which were taken of sections of these 



welda indicnts remelt areas in the cent@? of the weld. If the 
controXo had not basra s a t  t o  produce a remelted are@,in the cen- 

a 
ter, the& an equally objebetionable condition Guld have praaatled, 
namely, that the sd&e of the weld wuld not have bean grain refined 
and the csnter would hhve heen grain ref inedr f n addition, only 
about 4 or 5 months wr, an equipnent h+s bocono avai lo le  f a r  
mahtaining autoaatically exactly conatant current,'regmdleers o f  
l f n s  voltage ~ U i a t l o n s ,  redscternte ~axiatian, due t o  vaxiations 
in the mount of metal . i n  the throat* This typo o f  equipment was 
notarailable st the plant whore these plates were made* Another 
point, by the way*  perhaps should be mentioned, namely, that when- 
ever the 3 mmr bficking stripr differed not  only in thfcknoss but 
in compaaitioa, whenever a situation l ike  that arises, considerably 
additional material is required in order t o  make up sample weld6 
and h c t i o n  them, exmining .the section both f o r  weld a i 2 e  and f o r  
proper temps~ihg and grain refinement a8 determined by mi crosection 
@xmimtion, and Wdnesr  a u h y ~ .  under the preersnt cirmzm~ltances 
tb material didn't happen t o  be available for t h i s  most inportant 
consideration. 

"1 w o a d  l i k e  t o  turn for a moment and tell you a l i t t l e  b i t  
about s ~ m  othef firing which h e  recently besen conpleted in which 
spot weldlng is used with the attachment of h a l l  clipa t o  armor  
for the support of the armor. We prepared R number of plates in- 
volving again the determination of the s ize  and number of welds r e  
quired t o  provfqe a support which would adequately hold 112' hard 
homogeneous armor. We hiad investigated the size of clip mterid 
and the type of c l i p  materid. And under those conditions, the 
plates were so turned that the clips ware tomrd the gun and the 
welds were plaaed immediately i n  tenaion by the  result of the iw 
pact. Under the most recent tests conducted on May 5, we again 
submitted gone of tke same type of welds, the only difference being ' 

that firing was now conducted with the clips at the back. These 
plates,  by the w a y ,  were mounted in a rigfri frme with a distance 
from the edge of  the welded plate t o  the frane of approximtely 
1-1/8", that f s, the support was axtreaely r i g i d  with reference t o  
the welds. ?he J spot cluster showed an estimated bal l i s t i c  l i m i t  
of 2500 l o o  t-semndar And at this particular value of f npact ener- 
gp, the arnor plate b r a k ~  up in m a y  pl&~ces, but no damge t o  the 
welds.. AnothaP set of c l ips  was prepared using two spot welds i n  
line rather than A s p o t  weld cluster in,,a triangular form. And Z these plates had I/ " thick cl ips,  o n l y  2 wide i n s t m d  of 3, with 
the 2 spots in l ine ,  the estimated b ~ l i s t i c  l i m i t  being 2300. In 
other words, when the welds were turned arouna facing the gun, 
failure occurred at about 2450 foot-seconds. Turning around the 
other  way,  the arnor  p l ~ t e  broke up at 2500 f oat-seconds, 1 n the 
case of t he  2'' wide clips with 2 spots, estimated ballistic limit 
2300, at which spot weld failure began4 
. "We wanted t o  get quantitative i n f o m t i o n a a  t o  the improvfP 
meat resulting from f irst  simple g r a i n  refinement of this t y p e  of 
armor, and second, grain refinement f olloweb by tenperf ng within 
the maohine. For t h i s  purpose, single spat specimens were welded. 
A single spot i n  the aswalded condition had a ballistic limit l e a a  



than 1200 foot-seconds. By grain rif$ning e eingla spot  it^ bal- 
listic list was, brought up t o  1550 faot~seconds.  had by temper 
ing it was brought up t o  3800 foot-seconds, Where tbeiwBlds Weye 
an the same side as the direction of firiag, the l/g" X-4130 bass 
pulled t o  shreds around the weld. In t h e ~ e  t e s t s  where the c l ips  
were at the back of the platelL the 1/811x211 X-4130 wasaheared off 
perf eetly straight acraes the width of  the cl ip.  No weld failures. 
The difficultfea of welding the extremely high carbon armor a r e  not 
much greater, A l i t t l e  more care i s  required than i n  welding the 
ordinary armor, But the beauty of spot welding psocese as applied 
in t h i s  case is the fact that you can actyally control the structure 
autom~bticaJ,ly within the machine t o  ge t  the maximum possible quench 
and the highest possllblo draw, and, therefore, the best physiod 
properties that you can hope t o  ge* out of  thi-s steel." 

Col. Zornig asked regarding the failure bf the low cnrbon steel  bu%stops 
ref erred t o  by Pro*. Hesa find he rrtp3ie;d: 

mPailures d ~ d  o c c w  in the mild steel backing mntdrial in 
sp i t e  of the  f ~ c t  that the weldra were not whnt they shodd have 
been, In other words, these backing stripe were mdo q p  8p 
parently so that the long direction of the backing strip was 
parallel t o  the direction of roll ing* b d  the backing strips 
split in a direction p m 1 l o l  ~o the d i rec t ion  of r o l l i n g  when 
they were aubjoct t o  impact. On a l l  the c l ips  which we have 
welded in this condition the leagth of t he  c l i p  was pmallel to 
the  direction 09 ro l l i ng ,  so that etresses acroas the direct ion 
of r o l l i n g  woro not produced. 

Col. Zornig comentsdi 
"We have recently had occ~s ion  t o  examine some l o w  carbon 

$tructuraJ, plate at Wntertown. k id  we have excmined it bath 
parallel and transverse t o  the direction of rol l ing.  And in spi te  - 

o f  the fact that thi e low cnrbon plate has such f i n o  ductibiltty, 
when you measure i t  as ordimriLy dona on a testing -chine, its 

' 
properties when in the fiormalized or as-rolled condit ion,  with 
reapect t o  rssistanco t o  sho& and resistam e t o  notches, are most 
disappointing, If 

Major Campbell remarked! - 
"With reference to the testing of equipment at tnched 'to 

armor plates by r e s f  s t a c e  spot. weld ing:  We h v s  done quite a 
b i t  of work of a similar nature with the f i l l e t  weld type. In 
compzring tho results obtained in both types  of weldilig, l f ind 
that both the 3 apot cluster and tho 2 spot cluster check very  
favorably with  the f i l l e t  weld. Thcy are practic~lly identkrrl 
in results, and would actmlly meet the standnrds we have ten- ' 

tatively s e t  IQ f a r  acceptance of armor on the aircrdt welding 
specification." 

Mrc Warner raised a queation: 
"I  would l i k s  t o  ask Dr. Hess a questionbor two. ,He made 

reference t o  the 'performance of these p l ~ t e s  which were ,mde under 
a production procedura, and nlso a ref erencs t o  p l ~ t e s  which have 
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begn produced under a laboratory procedure by wet weldlng.. 1 
wduld l i k e  to ask him w h a t  definite laboratory tests sre nedeesary 
to establish a spot welding procedure; and if such a procedure 
can be set  down ik some form of a procedure Bpeciffcation such as 
we a r e  requiring under Spacif i c a t i on  L97.l' 

Prof. Hess replied: 
"he procedure qua1 i f  i c a t i o n  should, and I understand doas, 

include the preparat ionf  of spat welds and sectioning to determine 
the proper size of weld, That is, sectioning through a .group of 
welds to determine t h a t  they are of proper size. If t h i s  had been 
done in the case of these Double i plafee ,  we would have known be- 
fore they ware ever f i r e d  that the diameters of the welds were tte 
tually iacansistsnt. We knew it from the reeults, but we didn't 
feel it was our nos i t i on  to say those plates  shouldn't be f i redl  
Ye were only there as observers.' 

"Let me say t h i ~ ,  also: S a m l e ~  ~ e r e  made by the  metallur- 
gist  end e lec t r i ca l  engineer in setting up conditions t o  show t ha t  
f o r  the sample welds made t h e  aroper tppe of treatmdht was used. 
But no one can be supernatural enough t o  insure that th* welds made 
under the t e s t  conditions for setting up the machine w i l l  be re- 
produced unless it h s  been prev.iouslg shown t h a t  the  machine it- 
se l f  can reproduce. As I mentioned before, i t  was unfortunake'that 
t h e  most modern t y p e  of codtral  equipment was not available for t h e  
preparation of these plates. Such equipment was not necessary for 
the application which the manufacturer was making pr ior  t o  them - , 

t e s t s .  I' 

Mr. !'lamer added: 
"The point I am driving at i s  t h i a :  T h a t  i n  order t o  in- 

sure consistency br uniformity on product ion,  where you have a 
certain job t o  do o f  a certain type, you must k v e  the procedure 
a l l  wrked out find s e t  up in advance and some way of controlling 
the operation of the mchine t o  insure that it actually is fol- 
lowing that procedure," 

Prof. &sa repl ied:  
'Well, what you have t o  do is to check the opera t ion  of the 

equipmarit to see if it does c o n a i s t e n t l y  reproduce itself; by Wzk- 
iag P. number of welds and sectioning them as to whether t h e  dfa- 
meters a r e  the same. I t  is mainly macro. T h a t  is all that is 
necessary, .bscouse of the size of the welds involved." 

Mr. Warner r ~ i s e d  ano ther  question: 
" h o ~ l d  there  be any requirements i n  ~ p p l y i n g  th i s  process 

fhr&'be equfpment which i~ used t o  a v ~ l y  the nrocess, requfscsments 
as t o  contf61, apne-ratus, characteristics, and so forth?" 

To whf'ch Prof + Hess remlied: 
. "There should be requirements for nutomatic current compensn- 

t i o n  for di f fe rences  in reaetahts. '%.t is one of t he  most . irmoortrnt 
' f e ~ t u r e s  t o  insure t h ~ t  the  machine will repsoduce i t s e l f .  If that 



t y p e  of equipment is available and haa been shown by t e s t s  t o  . 
be c o n s i s t e n t ,  then we are ready, you might ew, t o  go i n to  
production. 'I 

> 

Col. Haare raised a ques t i on  about resistance welding of studs t o  armor. 
This method has apparently not been very successful in some cases as 
evidenced by the comments made by various individuals: 

Mr. Mccormack: 
I l t t  del l ,  some work was done in our  plant ,  Colonel Z o r n i g ~  

I don't have the r e s u l t s ;  The reaats  were not w r i t t e n  up i n  
any way. I knor-r they tried out  a few o f  them, bat I didn' t 
see it doner I understand that it was reasonably ~uccessful, 
zn8. the renor t i m s  generally f ~,vorabl e. " 

Mr. ?garner: 
"Some small o u t f i t  subrnitt~d e~,mles.  I hav? fo rgo t ten  

the  name myself, Ther were In Detroit, They were autt inq  stud^ 
on t o  face-hardened armor. Yell, I think it is a matter o f  CRD- 
 city b f  equjpment only,  Colonel. In this  partieul~r case the 
exanin?,tion of  these studs shoved same very e x c e l l ~ n t  r e s u l t s  in 
some a?-ae& %nd lousy resu l t s  in others, i n d i c ~ t i n g  they d i d  n o t  
hsve ~dequate control in t h e i r  equipment. It seems t o  be in- 
dicnted that it w . 8  possible if you- had adequate control  t o  as- 
sure cons i s t ency  or uniformi ty .  f think it is po~sible." 

Mr. Nixon: 
"Some vark wna done with t he  typc of stud developed by t h e  

Nelson Specialty Compaqy. ? h i s  p~rticul~r s t *  involoes  a hole 
in the end of the stud i n % o  which f lux  is plaaed and. then, n 
cap put in there c.pd clinched i n  to  hold the whole thing together. 
!Chase s tuds  were successfully welded when the cr,rbon contelSt wp.8 

l o w .  When the cafbon content  w a s  higher, ns has been considered 
desireblo for armor plate  attachment studs, %he herd zone under- 
neath tba stud was consfdered t o o  brittle, ahd no further work w ~ s  
done on I t .  This cxperimentnl work was done in part i n  our plant  
and in part over fit Cadillac, The ectual  welding was done, again, . 
with the equipment of the Nelson S p e c i ~ l t y  Company, a por tab la  
hand welding gun which in itself is quite ensy t o  operate and 
with in  the limits of its possibilities, n good piece of equipment 
to consider. Mr. Beker has Just  pointed out t o  me t b t  this  weld- 
i n g  more strict ly should be consiclored arc welding rath0r t h a n  
resistence welding. '' 
Mr. D ~ n s e :  

"In  t h p t  connection 1 w d n d e ~  if thgre t~ould be ~ q v  i n t e re s t  
in the Temple gum. C o l o n ~ l  Xnos w ~ s  nsking. me Rbout the use of 
the T e q l e  gun which t~te had demonstrr ted t o  R nwAber of GenerpJ 
Mators-Dfttisions  bout a Y e P r  nnd R half  or two years ago, the 
Temple gun being widely used the Navy for salvage and repair' 
vork. It shoots the stud thmugh the plate, And, due t o  the 
"rapidity with which the stud p r o j e c t i l e  p e n o t r ~ t e s  the plate ,  the 
pl?,te rnotal expands and contracts agninst the stud so t i g h t l y  that 
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the stud cannot then be shot out of the plate or pulled out 
or fatigued out. I t  wf 11 fatigue o f f ,  but you cant t pull i t 
out: you will break the stud, either in fatigue or impact or 
s t a t i c  tension., It  ha^ found very wide acceptance in the Navy 
.for emergency -airs and salvage purposes. have tried t o  
populariee it among errnor people, but they always say, 'Oh, 
hell, we shoot projectiles through t o  ruin the plate, not t o  
build the vehicle.' I still think that shooting the projectile 
stud in there has merit,  if not f~r~anything else, fop field re-- 
pair work, because you can shoot half s dozen ~tuds through the 
plate  jn a decimal frectioti of the tlme you can weld  in a re- 
pair or b o l t  in er repair, You can fasten a patch on v e q  quick- 
ly. I can see no reason why it shouldn't have merit for con- 
structional. purposes, We tried it onboth the mild steel and 
heat treated* The powder charge utilized for t h e  propellant 
has t o  be varfed according t o  the physkal pfopertieh: of the 
plates. Of course, this  irr another idstance where it' is dif- 
ficult t o  penettate the plate with a qery much undamatching 
projectile. The stud projsotile must 58 af a 8ize that is suited 
to the phyaiwl propertioo &d thfdmeers of the plnta." 

The general situnt i o n  with regard t o  uaa of spot welding in the aircraft 
industry waa cited by 601. Jerks: 

nlbuglae has ~a equipment suitable f o r  q o t  welding of 
nrmor, and they are now spot welding armor on production work, 
both to attach tha.stsfnlass steal splice plate, and also to 
at tach the clips and thinge of that sort. North American b e  a 
mashino with only  partial heat t roitment control8 that is suit- 
able for l i gh t  gauge work, but not ouitable far armor." 

Mr. &nee reported for the Armor Liaison Group: 
"I am afraid the Liaison Group is a good doal in the same 

hocuons position as- the Spocif i c a t i o n  Group this t imo. Wo 
h+verrIt had any meetings. Ne have had a number of contacts, and 
a m b e r  of our member8 have attendad rolled and cast  armor meet- 
ings. There have been a number of special msetinga attended by 
mambare of ouk group. 'I'here h v e  also been contacts with a num- 
ber of rol led armor producers, w elding equipment manufsc turers 
and cast armor producaro. The e f f o r t  being to keep the co-opera- 
t ive work going along without lapso ail withapt the need f o r  tre- 
mendous spurts4 

"One thing we are very much interested in i d  the development 
work which colonel Zarnig himself i s  doing i n  connection with the 
hest treatments and compositions o f  particdarly heavy thicknesses 
of  materials. Our Liaison Group is probably paying more attention 
t o  the poss ib i l i t i e s  along that l i n e  than along ~LPY other l ine ,  
becauso the Watertown laboratory i s  makihg disclosures which have 
not beos available from any other source. I b e l i e t s ~  they are, furidad 
mental i n  their  aspect^. I think thoy w i l l  have a very far reachiw 
effect on our conception of heat treatment and p&eibly of welding, 
too. Certainly we w i l l  h w e  t o  rnodi* o u r  Pdene a f  design pro- 
portion and metallurgy f o r  that  dasfga knd proportion,  In view of 



the disclosures at fqatertown, I bel ieve  tbt activity is the 
most l ike ly  thing tha t  the L i ~ i a a n  Group has been connected with." 

Col. zbrntg camented nn wmz' develnpnsntt 
"1 might axpl'ain a l i t t l o  further that the R'Smnr is getting, 

at least on some of tho s p e c i d  vehicles,  thicker and thfcker. 
They are talking about 6". 8". I think some 10" is even boing 
talked about, Aa yav a l l  know, we h v e  found that the best homo- 
geneous armor you c m  get f s mde u>f ateel which is first of a l l  
sound, e-nd, secondly, is- in the tempered martensitic condition. 
Well, it is ens7 enough t o  talk about tempered m r t e n s i t  g RBI low 
ns your sections a ren ' t  nvsr 1C"thi~kr But when the ssctionspget 
over &"th ick ,  we haven't found y e t  m y  way t o  get straight tem- 
pered martensite i n t o  such sectione. So t h t  when the sections 
g o t  thicker than that we have h d  to got the resistaqce t o  shock 
'by t e q e r i n g  back t o  a l ow hmdnsss which,of course,  reducedb our 
res i s tace  t o  penetration; particularly against undermtchhg pro- 
ject i les  nt high volocity,  So there is quite a b i t  of work going 
on at Watertown, alro at  Bnttello,  to try t o  develop some method 
o f  g e t t i r i  either tenpared mrtenaite or l o w  tonpared bainf te, 
which s e m s  t o  be ale0 satisfactory, which w i l l  hava at the higher 
brdnoss levels the sane resistance t o  shock that wetwould oxpect 
f r o m  straight tonpared nartensito, so that as we get t o  the thick 
plates wo won't kve t o  @op bux Brirells t o  200 or l e e s ,  but can 
koep then up t o  300 and 320, whore we would l i k e  tn have them for 
the best rosistanee t o  penetration. 811 wo c m  do t o w  is t b  
nake, tho p l ~ t e a  roaeonnbly s o f t  on those hcnvy sections. llut there 
w i l l  be so'mething coning out an i t  b e f o h  t o n  longb wh$Q we hope 
w i l l  give us bottar arnor. When we soe w h a t  that looks l ike ,  than 
we w i l l  be preparod t o  look i n t o  how that w i l l  affect  the weldfng. 
I don ' t  think ws can do anything with rospoct t o  wplding until we 
Roe what the armor is going t o  look like, i f  and whan wo sot s o w  
of i t  that  is better than w h a t  we h%vo todsy." 

Captain Randal1 cnmsntod: 
"It has 'beon faund neoeeaary i n  connection with sane of the 

heavy armr thiekn~ssea in tho rather limited production applica- 
t i o n s  which have beamode t o  date, t o  rosort  t o  preheat in order 
t o  ob t a in  wolds free from aracka, evon though ueing modified lg /g ,  
or aus toaitic type electrodes," 

Major Rnode comnentod:- 
"In that  connection, in ordar t o  get  this  ao-called fiber 

atructuro in thicker =mar plates, castings are sometimes neces- 
enry t o  increaeo your alloy contents. The difficulty of that i s  
when you go to quench them you g o t  crwcks in then., Now, has RW 
study been given t o  t h ~  welding up of these cracks which are 
caused by quenching armor p la te  that we had to put nore aJ.10~ in 
in ordor t o  ~ e t  the f iber s t r u c t ~ e 9 ~  

bl. Z ~ r n i g  raplied: , ' -  

"Making mod arnor in thick 'sections is bugh. It i s  g ~ i n g .  



t o  be tough. I thfbk the c a t  people that are equipped to make 
those heavy sections are prepared t o  tackle a tough job, If 
they are going  t o  get  .the amount of  cracking that' you seem t o  
fear, I dont t know hmpracticid that heavy armor i s  gofng to be* 
I can1 t answer your queation yet. It is a very d i f f i cu l t  queg- 
tion, t o  say the lmst. 

Col. Zornig aammented regarding tho Reissarch Group: 
"Colonel Knable, as y o u  h o w ,  is Chairman of o u r  Research 

Group, and ho haa beon bansferred from tho Ordnance Office t o  
the .  Offtce of Defanae Transportation, X think they call it now, 
or tho Department or Division of Dofonse Trltneportation tb t  is 
within the War Department; and henco we havo lost the  Chairman of 
ou r  Resoarch Gmtzpr I b v o  asked Mr* Jonnings t o  t ake  over tho 
Chirmanship of that group, which he has very kindly consented t o  
do. He hasnft had a chance t o  have &rpr meetings of that group, 
but tho naxt tfma we havo s meeting ha w i l l  probably have som- 
thing t o  atl~r t o  us." 

Col. Richardson commented on specifications! 
ItI was intorestod In the remnrk a gentleman made about tho 

adoption of jo in t  A r q  and N ~ v y  specificationa~ Thore fe  a good 
deal .of work being done on. that sort of thing in the Arnly and the 

But at least anything thnt is of mutual ~dvantage and 
. wtuerlly used wfthig tho Ara~y and tho Navy is a f i t  subj~ct for 

Jo-int specification, and if there is anything that the chairmo4 
of thesa @oups have that wo ha~en' t gotten around to, there i a  a 
commissioa warkiqg on this, swvaying avorything that the Army and 
the Navy uae, whtch you can apprerciate is a cowlderablo- Jab, with 
the idea of coming o u t  w i t h  a j o f n t  spscif ication: The ultimmta 
ob-Jective b ~ i a g ,  bf COUTBB, that ti10 Arqy and Navy can use o u t  of 
tho ame barrel, a& it wore. This welding specification on air- 
craft armor h~ppans to  be t h e  firat one, I guess, that nffocts 
t h i s  group, Thera are other  sped i f i ca t ion0  in the works ralating 
t o  things of that sort. 

Fol lowing  luncheon Colt Hoaro raported.on w recent trip t o  England1 
"We in England soal ized vory oarly fn tho war the additional 

production thnt could be obtninad by producing a welded .vehi cls, 
but we mado tho fatal rqistnke of trying to t ake  a vehicle that 

. has been designed f o r  a riveted construction and mtke that i n t o .  
a wu'/d& v e h i c l ~ .  We soon found that if you were going to have a 
satisfactory woldeh vehicle you had to design for welding right 
in the bogi&ing. And it was- no g o o d  t ~ j i n g  t o  switch ovor. I 
refer t o  the l i t t l o  carrier vehicle--it i s  s t i l l  being mndo of 
riveted construction--we having boen slot up for it,, and the prb- 
duction hEs been maintained, and wp have-ritt had the t l m p ,  aa it' 
wore, t o  alter all of ouc f ixturos t o  change wer t o  woldingr 
But a l l  -new vehicles thnt a r e  being produeed now are of welded 
coastrzzotion. 

"In Canada t o w  it present we pire producing some l ight  armor 
f ightfng vehicles, Wheal vehiclee, and alsh wo axe producing some 
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wli-progrllod mountings mdo of 1-1/2~ plate, very similar t o  
what you are doing here* We are using both Unionmalt and hand 
weldlag equipment. . In the case.of the har~d we rsre ueing %oth 110 
and DC equipment. Phe Unionmelt equipnpmsnt is beins usod on 14 a d  
30 millfneter p l ~ t e  which tvo w e  building f nto a ecaut car. We 
had a lot o f  difficulty qith that t o  start with, but now that is 
going fairly w e l l ,  and wo are using hionmelt  for welding up the 
lnwer hull- of the SP l i i o ~ t i n g ,  which* is very similar t o  your M-4 
tank you h v e ,  in thia aountq. The Unionmelt method certainly 
doos n e s i e t  production, and it is l ikaly to be more ~ i f 0 n 9  than 
the hand welded nethodst booauso i t  doesn' t require 80 much 
sqarvis ion ,  Ghat is, partro,*lal euperv%rsion of the ,actual wolaer, ' 
bec~use the human element doeen1 t came into,  it ea mch. 

"Both austenitic and "femitic slectrodes RFO now being used 
in Canada tadw. In the case nf the  scout  cdr, that is the one 
which is being done wf t b  Unionmolt welding, we are uaing the ferr 
ritic ox-weld No. 40, with the 80 flux. T h a t  ha$ bean manning, 
now, far n e a ~ l y  two years and, as I have said, is producing fair- 
ly satisfactory results* Regarde the hand weldiryg, quite recently 
we have authorized threo brands of f e r r i t i c  electrodes, namely, 
the Murex 2% chrome, the HarniaChfeger ARC, the Duroid 1. They 
are being u ~ o d  now and giving fairly satfefactnry ragulte. Wo 
are getting trouble with 6 n i l l i ~ e t  or plato when welding attach- 
ments on tho inside. Wo m a  getting cracka righe t haugh that 
plate. We haven't yet salvod the mystacy, but it IS' a problem 
which is aerc i s ing  me rather conait?er&ly at t h e  present time, - 
as t h i a  mount of cr~cking i a  getting vary smere* The lower 
hull of the M-4, we arc using 03c-weld No. k wire with tho union- 
melt equipment, and 80 flux. Thc *hand welding that we a r e  doing 
on thet vehicle, we m e  usfw the Harnisehfagor A e C ,  Lincoln  Ar- 
momold and Chrome A. 

"In noet  cnses we are using austonitic electrodes for wolding 
a n  tho attachments. The in ter ior  attachnonts an one of the welds 
we are building, we he-ve tr ied s tee l  rod Fleet Weld NO. 7 4  T h a t  
has up t o  the preeent given quite satisfactnry redults f o r  these 
attadbenta on the inside, We b o o  subjpcto4 i t  t o  f irfng t e s t s  
an& f i n d  that they are very good B& roffbrda resietmee f o r  shack. 
Tho joint dosigna wo are using are vory bimilm tn the Jo i r i t  dasigfis 
t h ~ t  you a r e  using here. Production fn Canada i a  the s-e as it 
was with you here, trying to push it verJt hhrjl. h R  there i s  a 
danger a f  pushing production, t h ~ t  is, the quest ion of qunntiky nt 
the axpensa of quality. So we hme had t o  be very rigid &a rogads 
the question of inspection of the root gaps, an& also the question 
af M i n g  certain thnt d l  the flux has been removed mil' the slng 
tnken out betweon tho f arioua passes. of tho wold. 

"In &mda I dnnt t  uee plates t o  qwJify, the s m e  as you 
pentlamen a r o  eekod to here, but 1- take ~ I L B  acturzl eub-assonblies 
of the  vehicle that tho firn i a  buildinq and' subject those t o  the 
t e s t  thnt tha vehicle wi l labe  subjected t o .  I suggest that is a 
bottel'  method, bocmlse then we aro testfng the actual production 
that, t h o  oanufactureP is doiw instead of nn artif i c in l  pr~ductfoq . 
a8 y o u  do with nn H In addition' t o  terking the96 sub-kseenblies, . 



perf odicdily I t&s n eomplets hull, wbtevsr tw slre welding, 
tarid I subdeot that bolrrplste hull t o  a flrlng testg sad by that 
metana asoar bin whs tbar the welding f s maintained sat i a f  actorily 
or not. The mnufactwers ia C a w  apppar t o  appreciate that 
method, We irrvite them down to see thes,e t e s t s  eo tha t  when we 
eomp1ain:abont the unactirrfa~tory weldiw trahnique they see ac- 
tudly what  has been dona, I: found that had a very geaf  m r d e  
effect, that I t  gave the satual apemtors who ware 4ofng tho w@ldd 
Ing r deeper sane& of their rmponnibilitg t o  do ca good job, and 
the firm l a  question thanked me very much. 

nI wag interrated in the discwoion this morning about the 
Temple gun. It has s e t  rnl  thinking as to  whether that oauld not 
bss used for testing both weld8 and armor plate by rnessurb& the 

. 

depth o f  tha penetratlonr Wa can get 'Pry that mernls a aonartant at- 
tack, that ir, we know by the ckrge that is uslru4 in the g u  w h a t  
the pressure exerted on the projerctilo ig. I hws been lavestigat- 
ing in Canada the one @hot b ~ l l f g t i c  method, which X think Aberdeen 
is interested in; kt sra a resault of the diacmsion this morning, 
I am certbinly galng t o  turn thoughts am t o  whether this  %mpla 
gun cannot be ulcsd t o  a~oertafa the ballistic city, not only of 
the weld but o f  the armor plater by having r definitely defined 
chrgm and mnauring the depth of pma.timtion rr a result of f t, 
I f  we ash get some of these gun8 sent over t o  ths  forces we can 
gat a very qiuk answer as regards the  condition of the rrmalr on 
eaew vehicles. We won1 t have to ship the tshlcle ovm here, We 
won't have t o  carry out e1abarot;e firing t e s t s  l i k e  we had to in 
North Mrfao, inasmuch as wa set up an escpclrimentdl rango in No~th  
l l f r ica with the sxpk.a.8 purpose of firing at ensw vehicles as 
Boon as we coat i  get hold of  them so we could f ind  out romething 
about their armor. 

"8 regards inspection o f  thee6 srmored vehicles: I am using 
X-rsy examfacltioa a great deal, but I am not using it t o  accept or 
reject a hull. Wa a r e  eimply usipg it to giro us m indication of 
where we suepsot that the weld is 'faulwl a d  &t that spot we are - 

firing at it  uhin we test .  When we t r g t  the sub-acs~mblien or thase 
complete hulls, i t  i r  radiographed t o  start with and as a result of the 
radiograph we deaids preelsely where we axe goiqg to aetaxrk that 
hull; and U s o ,  X havr found that these X-reg negatives h v e  a very 
$reat m c h o l o g i c d  effeat on the welding operatirea, We, the aramg 
a50 you do here, qunlify a31 the optwatires, I hafa found that now 
they r&.iee there ie a mema of looking inside, that it has a 
great effect. We take thase X-ray negatives, We show the foremen 
and we ahow tho gatual welder the result of his weld, and that e r r  
trinlp has improved the worlcmanahip. 

D C h i ~ f l y  w h a t  we are doing f a  that we are investigeting the 
question of caollng ratalr ~d tmolihg diagram8 for m i o u a  weld aec- 
tionr, with vine t o  seeing if we can repraduee the effecte th$Lt 
you get in the heat-effected zopo in mtud &ram's, and t o  f ind out 
how we can orereorno it.  I would l l k e  to  mantian that we are now 
exauerively usi- w h a t  I might Lsrm the static q l o ~ f v e ,  t e s t  for 
testing weldmr Friar t o  that we wepe firing at these wolds with 
either 45 s$vg QT an AC'shrll, hat we never h i t  we;Ld just when 



wewsntedto .  Amsttsrof'1/2'ndresell  thedi i fexsnoeng 
rogsrde judging the, results of 8 firing t es t ,  and, now we 
have uaod the static exploaivo t e a t  f o r  eomo timom I n i t i d l y  
we were using the 37 a r  the 40 millimeter hi& explosive sh%ll,  
which we laid j u a t  ~ Z o n g  tha  weld lbngit~din~lly~ find., then ex- 
ploded it by mems of R detdnator. T h a t  seemed to go on very 
sntisfactorily for sane time, and we agpearsd t o  get quite con- 
sistent resulta; but suddenly we ran i n t o  some trouble that we 
found we had welds which by the X*rw we conceived were d n o q t  
identical, and yet we g o t  inconsistent results from t h i s  t e s t .  
On investigatlrg we found that there were several vari~bles that 
are introduced i n to  s high axplosive shel l .  A high explosive 
s h e l l  was s i ~ l y  mado as a she l l  with no innication or no id& 
of governing its expJosive effects.  ba l o n g  as it exploded, tha t  
is ~ 1 1  the poople wsntad to khow. So we found t h ~ t  there was & 

variation I n  thb density of the cxplaaive. He found there was a 
va r i a t i on  in the method .of filllng the she l l ,  inasmudh as we 
g o t  cavit ies  in the shel l  find when we exploded it we g o t  the hol- 
low charge affect, which is a very different effe~t from eqlading 
an ordinary solirl explosive. So now 3 0  w e  using a plast ic  ex- 
plosive, which is manufnetured in Cwda. Ffe can mold t h i s  ex- 
plosive i n t o  any form which we l ike ,  and, incidentally, wo have 
found that tho f o ~ f n  of the explosive materially affect0 the re- 
s u l t s .  We can vnry the amount of eq los iva  at w i l l ,  and, we &PO 

found, too, that this explooive can ba prqduced vary unifnrmally 
as  rekarde donsiv. Wolve g o t  t o  gat down t o  a %tandmd t o a t ,  if 
we canb f ~ r  toeting wolde, because o n l y  by that meas can wo get 
compasat$m results, I t  is for that reaaon thaC I am most in- 
terested in tho suggestion nf tho Temple gun, t o  see that wc can 
get possibly w l t h  that some s h d & d  method nf t e s t i w ,  at least, 
the ballistie i n t e e i t y  af the welds. It .wont t give us an answer 
f r o m  the shock poin t  of view, but i t  certainly w i l l  giva us a very 
good i n d i c a t l n n  of the b a l l i s t i c  i n t eg r i ty  of the welds. 

"In England there is a grant pr&onderance nf AC weldin& 
equipment. In fact, there is very l i M l e  DC weldi'ng %efng acne 
there at dl* Vp t o  the.present they ,hvo nnt had any autnma$ic 
welding. All of the lvork done has been done by hand, but .  expori- 
mental work is going on in England with this autom~tic welding. 
I must say on behalf of E n g l a d  how m a h  we apprebi~te t h i s  l ia i son  
work which is going on. It is n p e n t  help t o  us all. This is 
one war that we are  a l l  in, and this reciprocation nf i n f o r m ~ t l o n  
h a  been a wonderful help. I'm sure it w i l l  result  in a ~reater 
u n i t y  betwoen the two countries, nore return of infnrmhtion be- 
tween us. All the armor in l?,nglan& of over 30 mfllineters ilq thidr- 
ness is being welded with lax'ger electrodes, and you night be in- 
terested t o  hear that they have gone up to l(2" electrodeg, &n . 
spite of, I know, the di f f i cu l t i e s  which are experienced in this 
country. 

!'Towards the latter p a r t  of 1943 n policy was decided on in 
En~land t o  develop the use o f  ferritic welding with all vehicles 
with plates up to 14 millinetera in thieknssa: mall gaud aua- 
teni t ic  welding with p h t e  14 t0.25 rnilli-*etere thickness; and 
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heavy gauge, aqe tenttic electrodeo f o r  plates over 30 mflli- 
meters in thickneos. Eleatrbdea, 5/1618, 3/#,'! and 1/211, are 
dl on the approved l h t a  for armor over 30 millimeters in 
thicknees. There was a great problem in &Xand t o  get suit- 
able srmor plater Ae you know, we cannot cancentsa2.s the wwrk 
there 'in large pl.anta, beaause we hoe to spresd it wt, due t o  
the air raide, which &re e t i l l .  prevalent: and for that reason 
we psed t o  melt armor in one plant, roll i t  in another, heat 
treat it in another, straighten it in mother, in various parts 
of the countrg. We used a11 sorte  a f  methods for heat treattrig 
armor, methods which I menut you gentlemen here would thmw , 

your hands up in hor ro r  at. We we brick kilrr. 1Ve use ariqsala 
iw oveae, sod a11 sorts of things, wkatever they cou3d g a t  hold - 
of, because production was essentieJ( but in apite of t k t  1 
think they did f sf rly well as Yegards the. q m l i t y  of armor that 
was prodwed. 

"Three brands of ferritic olsctrodes which axe now approved 
are the Lincoln SPI 85, b s x  Faatex, and Quasi lbrc Celto. They 
are tho slectroder which angland is usfag at the present time, 
but thsre hag been PO great production with the last two I men- 
tioned, Parnely, the Muex Faetex and the &si Arc Celto, The 
rdsearch dqartment at  Woolwich have produced one now which they 
cal lod the 1. It i e  a hydrogen controlled coating, and the 
core wire contains magemesa. Realizing the necessity of getting 
down t o  tha electrode quebtforr, they b V e  s e t  up a spec id  %lac- 
trods comitteo which is studying thf s question, and considere-ble 
interest U s  been taken in the work that i s  being dono here by 
the nG in tho f e r r i t l c  electrodes. A supply of electrodes from 
hero hhs been received and t h q  are now distributed t o  the qnrfourp 
masufacturers lor speeial t e s t  puqosesr - 

''In w a n &  sll, the jo ints  are designed f m fillet welding, 
and the corner joints, wherever possible, The =in reesan that 
England did that ia purely a production problem, They hwd nat the 
facilities that you had here, We had to go out to  wagon builders 
and a13 sorts of people to get them t o  build these armor fighting 
vehicles, and so the advantages t h a t  wo have obtained by using the 
fillet welding is that the plate toleraacea can be generous and a 
greater latitub in asaembly is poseible, There aro not the fsci- 
l i t i e a  I n  &gland o? setting up the elaborate jigs which you can. 
do here, They have not the spnce to do it. They have not the 
means of obtaining it, They hAventt the machining facilities for 
d i n g  thorn; and eo thia was a great advantage if we-didn't have 
t o  work 40 auch cloae tolerances t+s regarde plate sizes, as  you 
do here. And, then, also another important paint  warn that Eng- 
land'e resources were tappad t o  the absolute limit and tho f i l l o t  
welding requires much less weldtng rod than ths other method, and 
all that.is a thing which, one has to pay considerable attention to ,  
is the donservat$on of  mterials, because we are dependent u p o ~  
outside sources. 'And, then, also' it i s  ~Iiggested that there fs 
less likelihpod of cracking with the f i l l e t  welding than there is 
with the butt welded jointr that you are using hers. And the quoa- 
t i o n  of structural strength a l e o  comes i n t o  it, because you csn 



design for fillet welding and take up a lot o f  your stresses 
in the plate itself instgad of tmnsrnittfq a l o t  of those 
strossee t o  the weldment. . The joints srdmittedly rAay have lsse  
shock resistance than the jo ints  which you are usfng, but if care 
is taken in the, deerign of tho hull, or t h o  turret, and you con- 
sider tha s t r u c t w a  = a whole, than that is not subh = im- 
portant point, If the vehicle does i t a  job, what it is supposed 
t o  do, with the labst possi%le amount n l  work or worrg, why, then 
I think we hRve aahieved tha answer that we sre 831 looking Sofa 
So, as f any, battle experience up to,tho prosent has not nocoa- 
sit~ted q change in design, or tihe view t h ~ t  i a  being taken by 
tho designera here, and they propose, thorefore, t o  go along with 
those methods. 

"But w h a t  I met strees i a  that tho design in Zngland, tho 
question of resistmca t o  penetration of 'weld, is taken more ac- 
count  of than thoir reeist~nce to shock. 1% fee l  that if you f&re 
at a weld under battle conditions, that i s ,  if you h i t  it with c, 
projecti le  you aro going t o  bo h i t  with in the f i e l d ,  if the qoh- 
icle w i l l  stand up t o  that, not only from tho question of ballfsti~ 
immunity, but f rom the question of etructuraJ strength of the 
vohicle, then I think we h v o  go t  the answor which we are looking 
for, You don't expeot it t o  be shot at in the f i e l d  with alugs nr 
w t h i n g  l i k e  thnt. It is u~ually aithar hi& oxplnsive or armor 
piercing sholls,  an8 f n r  that reason a grs~tor stress is pnt on tho 
b a l l i s t i c  integrity n f  the vehicle rather than on the ehock side. 
I n  nrdor t o  achiove this ballistic i~ltegrity'the welds aro bui l t  
up, say, &bout 20% greater than the thicknests af the pip-te, in o r  
der t n  obtain i t *  Once n qeliicle has boon ~pprottod, it b e  been 
tested ballistically, we sny '!fa don't mind what ynu 40, but ybu 
cannot bopart f rom t h i s  method of walding, Thera is no time t o  
do a l o t  of exporimentin,+ You h v s  done dl1 the oqorimentfng. 
We have g o t  a vohicla which is satisfactory. Go ahead and build . 
as many m you cm. '  As I m y ,  o w  resouxcoe arn not  the aamo ns 
yours. l'hoy nre very limited, and tho question of the quantit;St i e  
v i ta l ly  impartnnt. As 1 o n ~  ns n o  know tht qwntity w i l l  db its 
job, we b.vefil t a I n t  nf time t o  ,qet i n t o  dovoloping w h a t  you might 
mll  t .?~ porfeut trehicloD So t350 $greater onue is placed an design 
than in this country, Onca the designer h e  saide 'Yea, this is 
eatisfactoryl,  thnt  is the vohicle they-are 'zoin;; to butld, md a 
l o t  of tPmo is not w~sted in trying t o  develop another type of 
~ e h i 0 1 0 .  

"Radiograpm l e  ant bofw used t o  any extent i n  EnglanC. T h q  
are entirely depending upan the  actual, t o s t  of the vehicle. .Thore 
is an investi~ation F?oing on as regards the eoallnf: rates, and in 
relation to welding procedure, Tory sinilnr t o  what I mentionad f n 
&nab, ~ n c !  &so there is R consfdergtioa nnw beini; given t o  the 
dofelopment of a bydroqen contrbl led  elactrlc coating. A8 they have 
found, tha samo as you havo hero, that oxcossfvo hydrogen Pe can- 
eidered t o  be s cause of a ' l o t  of tHi'sir erackfng troubles. 
electrode mnufacture~s in England as0 still oxporimentiw t o  uti- 
l i z e  existiw; core wire for changed plzlto composition. one of t h e i r  
dif'ficultias there i a  of getting consistent plnto c o q n a i t i o s s  nnd 
in endeavoring t o  try nn+? strike an. average compnsition and get an 



eleutrode which w i l l  suit itr So far they have bean fairly 
- eatisfactory, 

"We b e  not had an' appartuni ty of aeeing very much of the 
recent work in' Germany. We feel that the vehicle8 that we h e  
seen most ab~ut were poaeibly made in 1942, and so that is chiefly 
the baa1 s of the information we have gotr Those vahialesr the 
Germans use much harder armor than wrs were using in hghmd, much 
harder armor than you a r e  here. She b u i l t  oehiclse accord- 
ing t o  the armamant that ehe was going t o  be up against, and she 
knew very well that there was no overmatching projectiles for  the 
armor when she put it into the' f ield,  I t  was only  when we stnrtod 
using overmatching: proJectiles against their harder armor t h s t  it 
began to  f a l l  to piocasr Until the  higher caliber artillery could 
be brought t6  bear on them there ma a great danger of them getting 
right thmugh north lVrfcao They csrtsfnly gat right through 
%rope and i t  almost looked aa if their policy wss going t o  pw 
dividend@@ They f o U  that the di f f icu l ty  with the harder armor 
was that it wouldn't stand up t o  otremstohing attack, For that 
reason t h q  are n o w  uonaiderably reducing the hardnew of their 
armor* They aro excluratvely using welded construction for their 
tanks, but their welding, as with t h a i r  smr, does not a t a d  up 
t o  overmatching attacksp They do a considera'ble amount of machin- 
ing and dovagailing with their plates, and they jueit st ick a b i t  
of welding on tho outride t o  hold thorn together. Thoy rely en-. 
tikely upon dovetailing of the plates for the mechanical rigidity 
of their vahiclers. That, as yota can understand, involves a con- 
siderable anpunt of achining. Mhen they aame up against the 
problem of tOIe ovormdttching praJootiles, they went to  spacod nr- 
mr. That is, ia order t o  incronee tho b&lisbic* immunf ty of 
their tanka, they put armor on tho outside t o  increase the thick- 
ness, and at varying spacings from the main armor, In m ~ n y  w s e s  
thir additfond armor was weldod on, butv ns I have said, the i r  
welding i e  not too goo&, an8 as soon as that additional armor was 
at'tackod with a hemy projectile, the welding juet broke up and 
the a n o r  f e l l  o f f*  They were a lao  bolting it on, but that was 
not entirely euccaasOu1 when we altered our ammunition a d  were 
using aapped shot, 

"We have found that they have been hapbeard in the uoo of 
electrodee. A latge vmxiatian of alectrodee hss been found t o  be 
used, m d  poaaibly that 1s the result of the exceeeive bombing of 
Garmany. T h e i ~  facil it iaa have not beon availahla for producing 
one or two definito type eloctxodee; It m y  also have been the 
question o f  using what was at hand whes they were mking these 
vehicles, and 3 8 0  the of repairing them in tbe f i e l d .  
Apparently a fellow j u a  t took the f frst ele'ctrode he could  put hirr 
hand on t o  40 the weld repair in the f i e ld .  Both the austeaitic 
and ferritie weld dqosi trs  have been found in the analysis of t h e i r  
armor, aqd =s t  of the repair welding, as far nsr are can ascertain, 
that they have done in the f$e ld ,  has been done with fe r r i t i c  
eleatrodss, which is rather interesting. So it loaka as though 
greater stress ha8 been psi& t o  the question o f  getting the repafr 
out rather tbaa tha quality a t  the repair ROter it was gat  out. 



"lhare w a s  a considerable amrrunt bf face-hardened armor 
in t h e i r  origiml vehf cles, but aow mostly it i e  the homogeneous 
type. And so  i t  appears that Carmaw psy'e part5 culw at tent ion  
and gives grBater reliance on joint designs for  maintaining the 
structurd strength of the vehicle rather than depending ent i re-  
ly upon the welding. dll their wheeled vehicles, their  armor 
fighting vehicles, are a31 completely walded cons t m t i o a "  

Mr. Humberstone reported nn NRC Development: 
" T ~ Q  first one, .Project No. 1, weldability o f  commercial ar- 

mor plate, is one of the projects which has been used in connec- 
tion with the inveatigntion of wsldrnents pmducod bi th  the fer- 
f i t i c  electrodes. As most o f  you know, we h ~ v e  a l s o  been engaged 
f n the  development of an S-curve weld me'tnl from NRG2a eloctrpdes. 
fho upper p o r t i o n  of the %curve of N31G-2n weld metal' h ~ s  been 
determined, It reveals s t r a n s f o r r a t i o n  of austenita from P e p  
rite begins very quickly, but progroases slowly. No carbide ap. 

- pears t o  be formed unt i l  a very lnrge proportion o f  the austoaite 
h e  transformed t o  ferrite, whilo tha transfnrrrntfon o f  regicide 
austenite t o  ferrite and carbide is so s l q ~ g i s h  thr.t completion of 
the trrtnsforrnation as t o  tenperatwe love18 about 1000°F. appears 
t o  ~equ ire  s m ~ r a l  days* 

nProject 2, an the development of armor welding electrodes, 
has involved, fa addition to actual develnpmant activity on 
electrodes, the welding of nany sections of varfaue natures. &?.I- 
m t i o n  of results of ballistic tests  o f  aide sect ion o f  M-10 tank 
welded with NRE2a electrodes indicates considerably less cracking 
in the weld metal or in the pmeilt plate d f e c t o d  by the w ~ l d i n g  
pmcees t h n  in sirnilfir soc t ions  weldod with austeni t i c  elsctrodesb 
However, there  appears t n  be a sonewbat gre~ter  proportion of crnck 
failure of armor p l ~ t e  awkv from tho region Ecff acted by weldf ng* 
h o k i n g  at i t  fron an averall standpoint, i t  appears very d i f f i c u l t  
tr, f i r e  subassemblies or structures of thbt mature in such a way 
t h t  you cen nbtnin rea l  cnqa r i sons  botwqen austonftic electrode 
and ferritic electrode. And in addition tr, that, it is samewh~t  
d i f f i cu l t  t o  nl~~31yze the results, because there is variation i n  
the location of' the iqscts,  So I c2o n o t  believe that we are pre- 
pared t o  say that subaseem"bios or  spacial soctinns is n pmtfcular- 
ly worthwhil'e nethod of arriving nt canclusf ons -where you are  in- 
terested in research nr development. It nay be fknm a standpoint 
o f  whether proiluction vehicles are ~letisfactnry or "not.  I wontt 
arme that point, but you cantt use than to aprive nt any real 
conclusions when yourreal pwposc is r e s ~ a r c h ~ o r  development. 

"The bull  of an l$-5 tank conplctcly welded with m&2a 01%- 
trode has been completed. The welding was carried out at the Eeil 
Company, following their standard procedure used on M-5 hulls. 
There was no attempt mado t o  tra in  the welders for a new type 
electrnde, Preheat was  used t o  the extent thnt they norclally 
used it, w i t h  the possiblo exception t,bt there m y  have been more 
c&re taken in fo l lowing  nr maintaining a d e f i n i t e  n i n i m .  The 
preheat was lE'5°P, Tho results indicate that  with the procodura 
used no undue difficulty would be oncaunterod in the ayplication of 



the f e r r i t i c  electrode. Defects seemed to be confined to  those 
locations i n  the structure where iS wag very, very d i f f i c u l t ,  or 
nearly impossible, t o  thoroughly clean the back s i d e  of the f i r e t  
pass, The greatest v a u e  of the project, sa far as I am con- 
cerned, waq that experience gained from the actml welding opereu- 
tions and any of the re'Latively minor repair operations that were 
neCeS8al-ye 

nA number of corner Jointrs o f  tho M-4 tank have been pre- 
pared with the use o f  MIC-2a electrode, alone, a0 well as with 
the use of XRG2a alectrode i n  combination with ferritic Umioq* 
melt, Thera is work g o i n g  on all the time t o  ovsrcome two 
primeuy problame in aonnection wf th  +this electrode; One, the  
tandoncy tomrds porosity, which %fl p r a c t i a l y  d l  cases ~t the 
present time neceesitatos preheating the electrode; the other* R 

desire on everybodyta part to  improve the operating chrrracteria- 
tics, Recently there is every indication thnt  improvement of 
this xlhturre can 'be expected, 

"Project No. 3, strese relief of weldments f rom machining 
s t a b i l l t y  being carried out a t  Ohio State, le progressing satis- 
factorily. Them have been some reports issued, At tho  present 
time work is nearing completion t o  determine the effectiveness o f  
time as campared to temperature* I t  appoare, an tho basis of the 
work done, that temperature is e far more important factor than  
time; that the idoa that many h v o  bad in tho past that you can 
decrease the tomperatwe if you use a longer time, does not n e w  
essrarily hold true; that, as a matter of fact, you can decrease 
the temperature, and you don't havo t o  go very far down, whero 
for inatnnee, if you could r,ccomplish at 900°F., it would require 
ern unnecessarily Long timo t o  approach tho s m o  condition that 
could bo obtained at PIOOO or 1200, for a couple of hours, if it  
can aver be attained, 

"A final r q o r t  is being preparea on NRC Project  16r, 
which has t o  do with the welding of face-hardened armor. I think 
the report ie prepared, but i t  has not beon submitted f o r  publico- 
t i a n  yet .  And u n l o e e  1 am entirely incorrect,  the f indinge are 
a31 negative, that i a  to  say, you w i l l  not find anything In the 
report that w i l l  make i t  easy for you t o  weld face-hardened annor. 

"On Projeot  NRC 25, direct explosive t e s t s  for welded armor  
plate, that project ha6 boan going on for aoma time and b s l  grad- 
u l l y  gotton around t o  the p o i n t  where the majority of tho work 
has boen done and l a  bolng done in connection with the development 
of direct sxplasive t es ts  that could be used g n  armor propor. 
There has been up t o  the present no indication that a satisfactory 
amall shop t e a t  can be doveloped for woldod j o i n t s  employing at- 
tack by explosives. Thara has been Part 1 of a final report on 
the effective locked-up a tressoa on b a l l i s t i c  porf ormance o f  welded 
.armor. I believe it lmst hnve been is~luod by now, dnd work is 
prograssing to complete it. 

"A final report has been issued on Project NRC 59, which had 
t o  do w i t h  non-metallio welding backurp strips for a rna r  plate 

. jo ints ,  That project was closod beclnuse i t  was felt that practical- 
ly all' materinla had been investi-tod and t h ~ , t  m e a e  o f  using them 
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successfully had been davaloped, n r  at least indicated. 
"Thare sro a couple of fundamental pmjeutrs on weldability 

t*ht havo been going on for some t i ne  that do not necessarily 
apply t o  armor, but they do apply to welding in general* One 
has t o  do primarily with the development, at the present etago 
at least, of a test wherein we hope to be able  to determine dif- 
f erence in crack sensitivity between clnssss of el actrodes and 
between brnnde of electrodes within a given class, Now, that 
has t o  do primarily with the  crack sensitivity of the deposited 
metal. We hope thnt the sane t e a t  could be applied t o  plate 
material. 

"There is n proJeet, No. 71, on the effect n f  oxygen cutting 
on w e l d a b i l i t y  o f  armor plate. This project  has been going a l o n g  
very slowly, primarily due to the fact that mny of the d i f f f  cul- 
t i e s  tha t  W e  been reported From time t o  timo seem t o  be quite 
impossible t c  duplioate in tho laboratory. The work dona on the 
finished plate, tha t  is a plate that h ~ s  been fully heat treated, 
indicates that there should ba no great problem in the cutting 
there, o r  the development o f  cracks due t n  cdtfing. &o the work 
is now being concentrated on plats  in the as-rnlled condit ion,  
t h t  i e ,  cutting which must nf necessity be done before heat treat- 
ment, 

"There is also mother project, NRC 73g, which covers t h e  in- 
veatigntion o f  methods of repairing cagt armor by welding. Again, 
the work is progressing on thntproject .  There is nothing of  
great importance to roport at th i s  tima, 

"There is another project, NRC 76, being crzrried on at Skt te l l e  
covering the  development of Improved elcctrnde covsrf nga, whf ch is 
actually oorrelzted with the pro j a c t  NRC 2, f n this case, tho at- 
nosphere produced by these electrodes under certain cnntrrrlled 
cnndi  t ions i a  being analyzed. The mount of hydrogen in weld metal 
from these electrodes i s  also being determined, and as a resul t  of 
all o f  t h i s  work thoro is one paint tlm-t I would like t o  m&o 
fairly def inf  te, that there  hns boen P, tendency p n  everybody's 
p a r t  to lay a l l  of the b l m o  for underbead cracking, pad so f o r t h ,  
an hydrogen. It is true that where thgr have encountered no under- 
bead cracking hydrogen hr.6 beon reduced* However, it is a l s o  true 
thnt  you can nnke an electrode which will -kve l o w  hydrogen content 
i n  the atnosphere and will show no underbead cracking, but will 
also perform very m a a t i s f a c t ~ r i z y  under shock. As a matter o f  
fact, one electrode in pnrticular has about . h l f  the mount of hyde* 
rrlgen -of another electrode which hes proven satisfactory. !fkmt 
presents the idea that a l l  of the trou'ble my no t  be due to hyrl- 
rogen, We cant t say that is def iaite. There my be s o m e t h t w -  
we know definitely that thore  must be Bone o the r  f ac to r  inv~lvedr" 

Zornig remrkod: 
"Mr. Humberstone h s  brought t o  ETJ attention t,ht there seems 

to be some misapprehensiaq as t o  the oonnactian of this cnnmfttos 
with tho W a r  Metallurgy Committee and the work t h t  they are doing. 
This committee is a subcommittea of the  Ferrous Metallur~icnl A&- 
viamy Board  t o  the Ordnance Depe.rtment. That is a Bonra which 



exists durf ng war and duriag psaoe time a@ has been I n  existence 
ever since'-19234 and ,the purpose is to keep the Ordnance Department's 
work tied as close as we Can with what industry is doing. 

"'hen the war canre a l o n g  i t  became evident that this Board, 
which only has 8 norm1 membership of about 15 or 20 members, 
couldn't do all the work. So the subcommitteee were organized 
t o  t&e care of the work on the apecial ofdmnce steels, auch as 
wmor, caat snd rolled, gun fargingd and the welding of -or; and 
the original purpose webe eo tb.t the few old-timerla t h a t  had beon 
i n  th i s  businose could impart whatover information they had t o  the 
hew ones. Of course, in welding of a m o r  there w&ant t anything. 
That was a vi rg in  f i e ld .  

"Then, when the War Motallurw Commit tee  wae organized tho 
problem came up of getting them in close touch with tho membors of 
industry who wer.0 involved in thir# and Clyde Williams and f ar- 
ranged that we would use theeb subcommittees as B means of getting 
the r o p o r t s  of the NDRC work, or the War Metallurgy Committee's 
work, to fndnstryl that is, wo use the membership lists of t h i ~ l  

aubcommitto~ he tho mailing list for NDbC roparts; ~ B O  tbt tho 
supervioors would report verbally at theso meeting8 so you would 
get w h a t  information there was ne soon as possible; and nlso t o  
give the War Motdlurgy Committee research supervisors an o p p o ~  
tunity to contact the industry and find out what problems ware to 
be worked out* Then, later on when the WPB found it nocogeaxy t o  
get in contact witb industry, they also decided t h t r  they w o u l d  
use these subcomftteea instead o f  organieing some new ones, So 
that i e  the reasan thnt we have WPB and W a r  Metallurgy Committea 
activities carried oh t o  some extent through these subcommitteesr 
In other words, those eubcommittooa have no control over NDRC's 
work, had we have no control over mts workon 

Then Co1. Zornig added: 
"The diroctore of the various branches af research that is 

carried on by the Wnr Metdlurgy Cammittoe spehk only for tho 
War Matallurgy Comrnf t t e o  and speak ooly technically. They have 
nothing to do with w h a t  pol ic ies  are than adopted by the W a r  De- 
partment or the Oidnanco Department, but they also come here and 
use  this comfttee for t h e i r  contacts wfth industry. So what 
@tartea o u t  to bo just a subcommittee where we ware going t o  swap 
our own experience h a  branched aut until the Ordnance Dqartment 
is using it as a moms of getting contact witb industry; 3dPB is 
using it, and W n r  M e t a l l u r ~  Cormnittoe is using the Cornittee f o r  
that pwpo s es I' 

Col. gornig thon introduced Ik. Aborn with the fol lowing remarks: ' 

"Now, there h e  been quite a b i t  of work wing on in the 
metallurgical examination of weld j o i n t s ,  which has not y e t  beon 
published but which i~ extiremoly interesting, end I have asked 
k. Aborn if ho w i l l  tell us sonething of w h n t  he b e  been finding 
,in the pure metallurgy of welded j a  i n t  e. 

Dr. Abcrn stated fo l lows:  , 

"It is Just two years Bga this nonth that tho NRC asked us 



t o  l o o k  i n to  the matter of improvenent in the woldabi l i ty  of 
nrmor plate, particularly from t he  standpoint of poet b d l i s t i ~  
stress o f  ekock tasted platos. Well, as you can imagine, those 
of you who have bean making tho plates, ~u have bean on the de- 
livering end exid we have been on tho recaiving ond now f o r  two 
years, and if any of you have )lad p o e t  mnrtem jobe to  handle you 
know that they m e n l t  alwoys the s i f ~ l o s t  thing, particularly be- 
cause you can't  revivo the patient and talk to him and ask him 
what happenad t n  him in the course of h i s  l i f e  history. f donR t 
blame m y  nf the fabricators. 1 know it is the rgsh of war time. 
Some C I O  pald clerk f s putting in tho records and h s  no knowledge 
of m e t a l l u r ~ ,  and no knnwledge af welding, and really some very 
ridiculous th3ngs sometimes appear there in those frA8 2 or 3 forms* 
We have been forcod to develop detective methods to figure out just 
w h t  happened in a number of  cases, nnd ~l ince  any one of several 
th inga  mlght have given the s a c  result, it h s  not been t o n  satis- 
factory in trying t n  deduce j u d t  what wont on, 

"NQw, I woulc! l i k e  t~ 8ay just a f c w  wnrde about the or ig in  
~ n d  path of fracture in the shock tested H plate* We f e e l  that 
tho or ig in  of  fracture depends on two main things, the p~~"tlCu1ar 
s e t  of b n l l i s t i c  tsst  conditions that are  used and the veriables 
in those test conditions, and second, l o c d  unsounrlness tb,t i s  in 
the region of  the  impact; axid since those, nre  n o t  predictable en- 
tirely., or ent i re ly  under con t ro l  in advance, tho o r i g i n  a f  f m c -  
ture  is in a sense gratuitous, that is, it i s  chance, The nost  
signif  ictuzt factors  in n. tested E plate, we believe, are these: 
The degrse of resistance t o  the  p r o p q a t i o n  of  t b t  fracture once 
s t a r t e d ;  nnd, second, the path thr-t thtt fracture tnkee through 
the weld ne ta l  o r  barre mstal, nr both, I t  i s  extremely complex 
in t h i s  respect, thnt  the path is in?luenced by so maw factors 
which a r e  nnt  under controlled, p r a c t i c d  c o n s i d a r a t i o n ~ .  

"But we bol isve t h ~ t  there n r o  throe main f a ~ t o r s  that do 
c o n t r o l  thnt path of frbctura for aqf given set nf bal'l lstic test 
$onditions. Firs t  is the geometry of t h e  j a f n t c  By thccrt I nem, 
t h e  a b p e  ~31C! s fza  or amount of wold motal; mr?, then, the width 
of  the zonqs in the base meta l  that are affocteq by the welding; 
and, then, the aovsfity of the notch is always preseht Q o greater 
or less  degreo at t h e  Junction of tteld na ta l  and base neta l  at the 
surface o f  the plate, bnth faces. Tbt is t he  first factor, the 
goonetry, nnd the  second is tho m t t e r  of [ ;aner~l  o r  L o c a l  unsound- 
ness along the joint, that  sonetines can be t ied in with  the 
radiographic b t n ,  although not erlwryrs; and th i ra ,  the nature of 
the micro stmcture in the weld metal and base metal. Now, it is 
that laet named point that I want t o  speak o n  R l i t t l e  further now* 

"Let's first name nartcnsite. I think it has been bandied 
around a grent clod.  It is simply tho b i r d s s t  obtainable etruc- 
ture of  steel .  Ferrite is the opposite end. It is the a o f t o s t  
structure and is cb~ractoristic o f  sof t  iron. Penrlite is t h e  
structure you g e t  in the carbon rich areas of steel, when it is 
slowly cooled. Now, Col. Zornig nentioned this nnrning tempered 
mrtonsite as the  structure unqueeticnably that wo want, n o t  only 
in the brawelded plate, but throughout the j o t n t  under ideal 



conditions; but unfortunately martensite, far its original 
formation, requires lOO$ f o r m t i o n  of austenite, the high hnr- 

a 
pqrature form of iron, and tbt  only  fo-s for armor plate on 
the average, we can say, tabwe 1500, that is t o  be completely 
a u t e n i t i c .  And since In makieg any weld you have a gradient 
of temperature from room temperature up t o  the melting point, 
abv;loualy there is going to be a range below 1500, where the 
raterid, which was originally tempered mrtansfte as delivered 
by the armor maker, first goes through aa excessive softening, 
which fe near 1300, we w i l l  nay, and, then betweon 1300 nnd 
1500, roughly, in temperature terme (all Fahrenheit I am spank-' 
ing of) gradually changes from ferrite over t a  austehito: and, 
then, I t  norer gete  any farther than that, because the weld is 
completed and it cools down again. So l a  a y  metal-arc weld you 
are bound t o  have s ragion there in that approximate tenperatwe 
rmge  where you have a mixture of ferrite and the product of that 
part of auatunito, which m y  go to a vmiew of structures, and 
that in genord is an undesirable zone. f f  tampered m r t e n s i t e  
is the  best structure and the ideal one from the standpoint of 
b a l l i s t i c  shock resistance, then opposite to that, ferrite i~ 
one of the poorest structures to resist  shock, and ferrite with 
pearlfte 1s probably the worat of all shock resisting structuree. 
In the averwe mild steel, structural steel, under shock t e s t  
conditions corresponding to bal l i s t i c  shock it is fax from eatfs-  
factory in resistance as compr,red t o  tempered mhrteaait.e. And we 
think the primary r a w o n  is the nature of the constituents. f t 
is the stwutural csnatitaents we believe that control the qual- 
i t i e s ,  and in mild  steel it is ferrite nnhpearllte that are there. 
Now, the& it is thLs zone between 1300 and 1500 that gives an 
inherently undesirable structure, Part of it can be sntiefactory, 
becauee that vent t o  austenite, but that p ~ r t  that didn't is a 
t ho rn  in tho flesh, eo to spenk, and wo b e  t o  put up with it 
because it i s  faherent i n  arty metal-arc wold. 

"ho ther  faotor is the so-called tempered regions. If you 
a r e  making & weld in one pass, then there is no tearporing other 
than the original heating and cooling, but most welds are mde 
fa multiple passes, and oach successive pass will temper the heat- 
d f e c t e d  region of the base metal to a $renter or less decee.  A 
tampered ~tructure, unleea  it wns original ly nmrtensitic, in gen- 
eral if3 not  as resistant t o  b d l i s t i b  shock as it was before it 
was tempered. In NRC Report M-265 the faitin1 structures fire shown 
ds compared with the tenper structures of hmt-affected regions of 
several different Qpes of armor, In a number of those you can see 
t h ~ t  in the tempered rcsgion there hns bees an excessive amount of 
either migration of carbidoa, or a 1i.aing up of some precipitated 
fmterial along grain boundaries, soma farner grain boundaries, pos- 
sfbly of the austenite; at any rate, an intekgranular condition 
whfch quite probably reduces the shock resis tmco.  

"We recently examined three different types of ferritlc weld 
metal-which have boon used at various tines in the course of this 
f orritie electrade devalapmant, though theft were f nmerly usad and 
gave falrly goad rssulta until* a now one c a m  along and, thor, a 



t h i r d  one, this now NRC-Pa t n e .  The third typo,  the new 050 
f o r  which the specification wasv issued o r  proposed yesterday, shows 
three characteristics which are not present i n  the othere. In the 
first place, it is very much cleaner, a whole different order of 
magnitude of improvement in cleanliness. Another characteristic . 
o f  the new electrode is, as Mr. Humberstone mentioned, that it is 
relatively immune t o  underbeid craokiDg. That apparently is aa- 
sociated with the  gas content i n  the weld metal, and possibly by 
diffusion i n to  the base metal adjoining; but, as Mr. Humberstone 
sws, i t  doeenlt seem t o  explain the improved shock resistance; and 
thzt, we feel, is logical, because the shock resistance seems to 
be intimately t i e d  up with the micro-structwo of  the metal. And 
the other charetcteris.tic rrhich is vdry unusual, t o  us at len~l t ,  
in examining f e r r i t f c  metal: the ferrite occurs in 'elongated 
grains, and those elongated grains are intimately meed, practical- 
ly, you might say, almost i n  interlocking fashion, with tho a=- 
t e n s i t i c  areas, which represent, o f  course, the high carbon regions 
in the coo l ing  operation. That combination of the  elongated f e ~  
fit% with the interlocking m r t o n e i t i c  uroas is certainly associ- 
ated with, and wo bolleve mqy well be responsible. f a r ,  tho greatly 
improved shock resistance of thia new f o r r i t i c  weld metal. In 
f ac t ,  the shock resistance is so good when the  wold-metal is pro- 
perly made that t h e  cracking, if it occurs at all, ie generally 
in the base notal o r  the platos, and if it ii in tho base metal, 
it will occur thoro app,wantly in an cmount dependent upon the 
ability of that pa r t i cu la r  combination of armor composition and 
welding procodure t o  produce a p~edomiimntly m t e n s i t i c  zone in 
.the hcst-aff ectad region of tba base me talav 

The meeting was tentatively suggaated for Cleveland, Ohio, d ~ f n g  
the week of October 9, 1944 after which the meeting adjourned at 3:10 
F. M. 

A t  this meeting the results of t e s t s  of production spot weldiag of 
armor, t o  which the Rosis tance Welding Group had several times in the past 
referred t o  with prido, were Itisclosed t o  the Subcommittee. The rosults 
of t b s e  t e s t s  wore not  a11 they hnd been expected to  be. Also a t  t h i s  
meeting cer ta in  metallurgical exp1811ations for bal l is t ic  shock performance 
of welded H plates were disclosed as resulting from studies made by ImC 
facilities. It was apparent that n botter undorstandlng of tho effocts of 
metallurgical factors involvod in welding armor was in process of realiza- 
t i on  as the  reauLt o f  l abora tory  studies and that emphnsis on mss p70- 
duction had been considerably reduced. 



F1FT~ZNPI-I &TI& 
SUBCOMMfTTfGE ON WELDING OF ARMOR 

TIT[TRSNY, 9 NOmfBHIR 1944 
HOTEL c1;EKEbkD, C L ~ ,  O X I O  

The fif teedth meeting of the Subcommittee was held in  Qeveland, 
Ohio, on 9 Novembr 1944 at the Hotel Cleveland, with 97 pereons in 
attendance representing: 

Indugtrial - Vnited States 
Tank Fabricators 
Amor Producers 
3lectrade kufacturera 
Core Wire Producers 
pircraft pabricators 

Government - United States 
Ordnance Department 20 
ASF Headquarters 1 
Navy  Department 4 
Arqy A i r  Forces 2 
*ransportat ion Corps, U, %A. 1 
National hsaarch Council 4 

Government - ~ A U f  ed Countries 3 

The meeting ;as openel by k j o r  N. A. Matthaws, Acting Chairman. with the 
following remarks: 

"Cglonel Zornig is on a special mission, and he is prosontly 
abrrrad. And how long he will be abroad is anybodyt s guess. So 
we are trying to carry on in his absenco, He is d e f i n i t e l y  on a 
temporary duty status ,  but there is no knowledge at present as to 
how l o n g  he'll be away from us, I think we might as well go right 
i n t o  the first i t ~ m  on the agenda and ask if there is anybody here 
reproerenting the lk Production Board thia morning who can report 
to us on the d l l o y  situation as it exist. at t he  present time, Ia 
anybody here from the War Production Board? Is Colonel Richardson 
here thf s morning? Appwontly we ara not reprasentad by those 
agenciee but I'm sure a l l  of us amreciate that tho alloy situation 
long ago oorrected i t s e l f  ad3 t h a t  there probably von't be anything 
of significmco t o  report nny way, except that  a l loys  are available 
t o  do important Jobs." 

Mr. McDowell reported on the ac tivitiea of the Homogeneous Armor Fabricators ' 
Croup : 

"The Homogeneous Armor Fabricators' Group h e  held only 
I 

one meeting since the last meoting of the Subcommittee, and that. 
was held yesterday here in eievalnnd. The first item on the agenda 



for discussion was ths a r m o r  welding specificatian us-497. 
Tber'e have been n~ change8 in th i s  specification in the last 
s ix  months, and Captain Boucher of QCO, Detroit, informad us 
that no changed a r e  egntemplated, This epecif icrt ion will in 
the near future be iesued aa a United States  Arm speoification* 

"In regard t o  the repair welding maae necessary by defects 
found in X-ray exemiaations, some f abria&toi.s i e l  t that since the 
intent  of the specification was primarily qua3ity cantrgl of the 
welding rather than an inspection tool ,  that the X-ray i i t w d  
requirements, if closely sdheped to, were quite severe for X-rw- 
ing which covered o d y  a psrcenwe of the weldmentr being fab- 
ricated. Captain Bowher stated that the specification US-476 
an radiography is to be revised in the near future and that if 
anyone had aqy comments or suggested charges for  the specifica- 
tion, it would be appreciated if they were forwarded to h$e office. 

"In regard to the workmaship s t d a r d  specimens required by 
specif fcation US-497, the majority of the fabr ica tors  felt thbt 
the use that had been made of them did not warrant tb@ expense 
involved i n  their  preparation. 

"In regard to specification US-886, the al l -posit ion type of 
electrode a8 required at present is made In the 14'' lollgth, and 
the down-hand type of electrode in the 18" lsngth, and'a poll was 
taken of tho membere of the group t o  f ind  out their preferences 
in t h i s  matter, and 5 t  waa the opinion of the majority that they 
would prefer the t w o  d i f f  srsnt lengths, the 14' length f a r  the 
all-position type, and the 18' length for the down-hand type. 

'At present two mmufaeturers are productng f6rriti.c electrodes 
which have been found acceptable under the preseilt NRC specifiaa- 
t ion.  %me trouble l o  s t i l l  experienced with porosity in, the welde 
deposited 'by thier slec trode, but considerable Improvement has been 
made and i t  is hoped to eliminate th i s  condition entir'ely in the 
near future. An attempt is also being made t o  change the c h a r a r  
terfetico o f  th i s  electrode t o  provide the full benefits of c o w  
ple te  heat treatment after welding, A t  the present time weldments 
produced with the ferrltic electrode without' any heat treatment 
after welding have shown up s l ight ly  better i n  ballistic test than 
those which had been subjected t o  cnmplete heat treatmeat rifter 
welding. The M-5 l i g h t  taak hul l  which waa campleteQ 'welded with 
the m62A type electrode and reported at the last meatfng has been 
subjeated t o  b a l l i s t i c  t e a t ,  and comparing the results o f  the test 
on th is  hull with R airnil- hull which had been completely welded 
with the austenitie type of electrode, there was a l i t t l e  difference 
in the performance o f  the two hulls. Any fabricator desiring t o  use 
the ferr i t ic  electrode om a production application is required t o  
submit a request t o  th8 Office, Chief of Ordnance, Detr 'oi t ,  who 
will be glad to  take action on it. I 

"Mr. Smith, appointed cheirman of the Weld Joint  Standardisis- 
t i o n  Committee for the M-4 tank bull (appointed at the l a s t  meeting), 
reported that this committee had completed a drawing showing croes- 
~ e c t i o n a  of all the j o i n t s  on the M-4 hull ,  and o f  the three fab- 
ricator~ represented on the committee, complete agreemant had b ~ e n  
reached between two of them on 100% of the joints  fnvolved,. Tha . 



third fdwicator disagreed on three Jointe,  which, due' t a  h i s  
j i g  and fixture se tw ,  could n o t  be readily changed. f n the 
future, al l  joint  designs of  new vehicles w i l l  be prepard in 
accordance with'the Weld Joint Design Specification US-800. 
Any deviations therefrom desired by t@e contrsctor, it will be 
necessary for the contractor to obtain approval from the Office, 
Chief of Ordnance, Detko fit. + 

%gineer ing k n g e  Order No, 9253 outlining requirement a for 
cast armor repair has been issued* 'Ilhis order was the result of 
an extensive testing program carried out by the Off ice, Ch'iaf of 
Ordnance, Detroit, in co-operation with the cas t  axmop manufacturers. 
It involved a largo number of  p la tes ,  both of the f type and the 
simulated wold defect type. The plates wore tosted in the as- 
welded condition; also, after the plate h d  boon subjocted t o  
completo reheat treatment after welding; also,  tempering only sf- 
ter welding, and the fourth type was stress r o l i e f  only d t e r  weld- 
ing. There was l i t t l e  d i f f  eronoe in the ball ist ic perfam~nce  of 
any of those plates. 

"Captain Ploss of Aberdoen Proving Ground reported that c o l d  J 

temperatwo testing faciliti~a have been completed at the Proving 
Ground and tha t  rs ra ther  extensive l o w  temperature testing program 
is now under way.  This program involves eevsrnl different armor 
compositions and several types of welding proeeduros. Before 
closing the meeting it was decided that  no future mootinge of the 
group would bo sch~duled unless some problems Eariso whiGh in the 
opinion of the fabricators, or tho Office, Chief of Ordnanco, b- 
troit,  would make. nuch a meeting desirable," 

Mr. Webs ter added: 
"Tentative ~poci i icat ions  are s a t  up under the cognfzanco 

of %h group that is responsible, without ref ersnce t o  any stan- 
dardization whatsoever by our Ordmnce Technical Cornittoe. These 
specifications are so se t  up in this form that we nnticipate changes 
from time to time within the near fut&ec and if standardized, 
such a specif i cn t ion  would be out o f  the queetion o f  handling, duo 
to  the inertia of standardization, for that reason o m  ardor and 
armor w e l d f q  specifications, along d t h  a good many othmrra, have 
beon in this form during tho stress of produc t f o n  where chnges 
can bo mado by, in this case, our Office, Chlef o f  Ordnance, Detroit, 
who has control. of those, and by thoir engineering bul let ins .  they 
can handle some of the differences f o r  a while; bht it is impos- 
s fb l e  t o  h n d l e  ev~rything that way, ,and they w i l l  cnl l  for oithor 
an am.endmbnt or revision, which can be put through i n  very short 
order. I might say in -our Ordnance Welding e m i t t e e  meeting last 
June we aet  up in a rather ~ p e c i f  ic form quite a welding specif ica-  
t f o n  grouping, and we are cwrying that out as fast  ae we can. 
Office, Chief of Ordnanco, D e t r o i t ,  is coming through with the 
spocifications that this group is interested in as fast as they 
can devolop drafts, and at the preeant time this 57-207-1 is bow 
ing issued as a result of +that, Also, the etandards, such as Mr. 
Mchwell montlonod, In joint dosign, symbols, and such as thosoj 
a r e  being cwrfed forward. Joint design AXS-gOO l a ;  boing carried 



through and i s  about ready t o  gat a f ind &&ft an, The appendix 
one which ~.pplies t o  cambmt vehicles is prhetically ready for use. 
Thet will be iaaued undor &eoiffeatian 57-205-4, atid caa I to ld  
the Illeatrode Group yesterday, within this month, o l d  s p o c i f f c ~ ~ t i b ~  
AXS-886 w i l l  be faausd as 57-203-je I believe t k t  covers pretty 
w e l l  the spacification setup t h t  you d e d  with. 

!'Tho 0128 thing Is within the ~ r b n c e  far the part yeerr and 
nearly a half now there hag been a regulation wherqby tentatke 
specifications can be kept in t h ~  exie tiag fern f o r  a period of s ix  
months only* Jt may be needless t o  s ~ y  that i t  I s  i q n a s i b l e  to 

. charge over all of our specifice~tions within s ix  months. So that 
hrrrnl t been completely c a q l f  etl with. fl 

Col. Richardson added: 
liphe question is, w h a t  is the tentative spedf icat inn in 

relation t o  United S t ~ t e d  l i r m ~  spocificatian? I thgnlc that is 
familiar t o  everybody in the Army, but may not 'bo familiar t o  all 
the contraetora. As we view i t  from hoadqutzrtera, a tenttltive 
specificrCion is a specification issued by any one of the sewices  
for that s s m i c e ' s  peticular use, as Orbnence, nr hgineers,  or 
Qpatermrster* New, in. order t o  prevent confusion withtn the Army 
on the part of the  contractors who may be providing one th ing  for 
the Enginsere and ~omething else for Qartar~aerster, and eomething 
e lse  for Ordnanae, the A m y  requires th.t after six months a t ~ n -  
tative specification be withdrawn and a United States Army speci- 
ficatton substituted; and that i s  cocsrdinated with every sarvics 
of the Arrsy, inaluding tho Air Forcae. The id,en 18 to p r m ~ n t  COW 

f l i c t  between tentative specificatians. The Navg has the same set-  
up, calling t h e i r  tontectives Interim Specifications, but otherwise 
it is the s m o  proced~~4.I '  

h j o r  kt thews cemented: 
"I Just  wantad t o  make cloax t o  tho cnntractnrs that the es- 

sence of ,these spacificationa m e  no t  baing changed necessarily. 
In othar wards, if slight changos are indicated, then, thoy, of 
course, will be made when we make the transition from tentative t o  
United S t a t e s  A m y  spscif ications; but t h ~  important thing fnr you 
people t o  t&o awq with you ie that requirements a r e  nnt being es- 
sential ly  cwqged. I t  f s j u s t  a change in f nrm bf the rjpecff ica- 
tions." 

Captain k n i i a l l  repartod an activities o f  the ElectrnOe Group: 
*The lest two  neeti& ni the ELectrails Group have been un- 

usually free frora argument and discuss ion.  I t  would amem that 
the subjscta being discussed by that group are becoming; more B 

matter of general agreement than they were f a r  quite n period nf 
time. The principal subject tint was discweed at tho meting YB8- 

tsrday w a s  the proposed W a f t  of a speciffcatfan fn? elactrodef of 
the mb2A type* Tt is  proposed to, issue this aa an OrWnce tonL 
ta t ive  epecificrtlon, rocogaising that this matori~l is in a s th te  

, 

of transition, nnd it is inadvisable at, p r s ~ s a t  t o  attempt to naks 
an Army specificatioa out of it. The draft nf t h i s  specification 



was distributed t o  a$1 membera of the Electrode Groq approxi- 
mately two weeks 'before the meeting. The teahnical requirement$ 
in that draft were baaed on the detailed rscomendatfone o f  the 
National Research Council, and wf t h  the exception of edf t o r f a l  
changee, there was only one fundamental change made at the  meeting 
yesterday. That was the addi t ion of one t , q e  of electrode. By 
'type' in that caae we mean t ype  ne defined in tho speciffcntion 
which r c f e ~ s  t o  tho tme costing used, The original specification 
was reetrictod to so-crrlled lime type canting$, which were dofinod 
as having a minun titanla content of 9$, m d  a minimum W2 con- 
tent of 15%. 

"One electrode which bnd shown site satisfactory reaulte had 
a somewhat higher tttania content than tho  9% m~ximum in the spoci- 
f icat ion.  The National Research Council a g o e d  that sufficient work 
had been done with this electrode t o  justif'y its inclusiop in this  
specif f cation, and 'r acommonded the addition of the new type, This 
type coating is known a8 a lime-tltmia type, and 5s daf ined as 
one having a maximum of 15% C02 and botwesn 9 and 15% titmia. 
It was agreed by the group that this chpnge would be W e ,  

"Thero is no in ten t ion  at the presont tims of mRking any change 
in US-8g6, which doear provide f o r  bath the 14" and 18" lengths as 
it is now written@ Howeoer, in the case of the NRC-2A type elec- 
trodo, tho 3/16" diameter hfie been furnished by n l l  produc~rs t o  date 
in only the 14" length. The quastion arose  8s to whethor tho sye- 
tern f o r  that specification should be the same as that  for stainless 
electrodes, that is, whether we shoUd have both the 14" and l g n  
lengthn.. It was a g ~ e a d  by a l l  producers of the electrode that the 
N'RC-2A typo of olectrodo tras n o t  similar t o  s t~ in loss  in this respect, 
in that no producer f e l t  that an 18" electrode of this type would  
be satisfactory, The reason for t h a t  being that higher currants, 
as those of you know who have used the electrode, are used with 
the NRC-2.4 typo  than is the case w i t h  the stnifleee of the asme 
dtarneter, It  wag the opinion of the oloctrodo manufacturers tka* 
an $g'' electrode in 3/16'' diameter would severely overheat before 
it had beon complstely consumed nt those high current values, Au- . 

cordingly, the proposed draft of tke specification was modified 
so that the 3/16'' diameto~ w i l l  be obtainable only in the 14" length 
for the present time+ That applies o n l y  t o  the NRG-28 type-let 
me emphasioe that again-not t o  the stainless. 

"There haa been considorable discussios, of course, of. NRG 
2A electrodes i n  connection with t h e i r  various applications, and 
it WRB felt desirable ,by Ordnance to hnve mailable a tentat ive 
specification defining these alsctrados, It is far th i s  reason 
that this  propoeod draft was prqmed and submittad t o  the Electrode 
Group. &bar discuseion by the group, the specif i c ~ t i o n  es changed 
during tho discusaiop w ~ l e  reconmended by the group for approval by 
Ordnance, 

, "There has been considerable. objection to classifying electrodes 
'by grade, type, and clssa. In ardor t o  completely defirre stainloss 
electrodo as covored by AXS-886, you may it  is a specific grade, 
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a speoific type, nnd eb specific ~ 1 a s . a ~ '  T h a t  gets a littis b i t  
involved, and in the proosss of comerting 6 nvmbor o f  Ordna~lae 
tentative apecif i"cntions i n to  United Statre Army sp8ef f icatians, 
the problem of nomencl~turs has become quite c o ~ l l c a t e $ .  *c 

WebaCer presented A plan which had been worksrd out for alatmify- 
ing the electrodes, uering vmious code symbols in the genarta3 
system or5gina;lly Pollswed 'by the Bmerfcarn Welding Sbciety in con- 
nection with their, E-6610, E-6020 and so forth. Mr. Deppelsr, 
who is Chairmrta of the A.W,S.-A, S,IP.M. P i l l ar  Mstsl Committee, 
agreed t o  review the posribi l i t ies  of designatiig these elsotrodeer, 
together with member= of his committee, and t a  forward t o  Ordnance 
within o.pproximstsly t w e e  waks,  specific recamenbtions for 
nomsaclatura and doaigaation in the various types of stainless 
eleetrodee, ss w e l l  as the m(S.2B type, Further action was c r  
coraingly deferred on th i s  question _by the mectrode & o q ,  a- 
cept that it was recommended by the aactrode  Group, that s sya- 
tom of nomenclature. ganereLly similar t o  that outlined by 
Webster, and t o  be modified i n  a l l  probability by Mr. Deppelerts 
group, be erdoptod f n place of the preasnt grade* type and class 
designations. 

"ith reference t o  57-203-3 there is abmlutely 90 change 
in the technical requirements of that epeeif'icatkon as c~mp&U'@d t o  
the Ordnance 8pecification B X S - ~ S ~  as yon know it, It w i l l  not  
be ne csssary for electrode manufacturers t o  reeubnit electrodes 
for approval, The same list of qualified brands w i l l  be carried 
over into the k m y  Specification 57-203-31 Mthout any further test- 
ing. 

"Captain Bouchcr briefly discus~ed the problems of cast  a rmor  
repsir, nontioning oac particular thlagrc T h t  was that for the 
information of the electrode pmducero, i t  was be l iwed  extremely 
doubtful that they would be ~ b l a  t o  meet the new requiremanta for 
the repeir of cast armor with the average 30w tensile electrodo 
of t h e  ~ 6 0 1 0  or S7010 classifications. In al l  probability it 
would be necessary t o  resort t o  an electroda of the NRGEA type. 
Bclr the fnformntlon of thoso of you who may not be fapiliar with 
them, the new cast arnar repair requirements whidh iwolve  the 
test ing of 2H plate employ 105 nillfmcter elvg for the shnclc test. 
T h t  is a cbnnge f rom the previous 75 millimeter, which had been 
previously wed, and it i s  probably the first time that we have 
had an srdequhte shock t e s t  f o r  2" plate." 

Mr. Abbn tt reported on activities of the Fabricators of Pace-Hardened 
Armor; 

II d sumey of the f ~ b r i c o t a r ~  of the Iace-brdened armor showe 
that this yeor there has been a serious cutback in the volume re- 
quirements of face-hardened axnor, t.bt the prncluctinn of this type 
of arnor is limited generally to aircraft ~pplidatinns, gun shields* 
and a few special sppl lcetiona on some vehicles, and in consequence 
o f  this,  there has beon practically no devolnpme& in the experi- 
mental work going on in the welding of face-hardened armor. Prac- 
tically all  welding guthe nf production weldiw f a  done in the 
furnishing of qWif icat ion  plates and the like under B n w  



- 
specification J A ~ F W : ~ ~ ~  The wklding an these plates is "being 

'done by the methods that we had q u f f i e d  plates under specifics- 
@ 

t i o n  f o r  vehides , that is,  old US-743, and there have been feu 
results so far, and not sufficient t o  know w h a t  t h e  general t r e a  
is as of tne preeent tfmea 

"There has been one little development since wd reported 
laat meeting, and that 4s that in some aircraft structures, using 
a heavier type of face-hardened armor that extend8 above the 
aircraft that .is aubjact t o  direct fmpdct of projectflea, and be- 
l o w  where the pro$ectila itsqlf might h i t  some part of the fusw 
lee, thqr are using r thinnor type of A.M. and- one hono, these 
two. being welded tbgsther. The welding technique t h t  is w e d  in 
welding these two is in ganeral the  same as tha welding technique 
that has been used for welding face-hardened, butsi4o of one type 
of armor, t b t  is, a homganoous type of armor which was carburized 
and processed, the general opinion is that in order to bring txp the 
ballistics of faco-hrdoned plate, there w i l l  be either or both a 
c b g e  in the chemist~y of the plate and in the method of pfoceesiag 
the plate. This. w i l l  bring new problems i n  the welding of the plate, 
which, of course, at the present time we can't antielpats what these 
probleme a r e  until wo produce the plate that dose h w a  these high 
ballistic qualitierln 

Mr. h a m  reported on activities of tha Armor Lfaison Group: 
"1% hna bsen rather  gratiwing during the last period that 

we haven' t had t o  have any vory heavy discusaioner. The particular 
Stem which h a -  bosa followed most aosiduously hRs bssn the c a s t  
errnor repair, nnd then again, we have a l s o  had some contacts on 
ferritic, Tho c a s t  armor ropeir t h fng  is something that we can 
all be gratofql for. We can thank tho project on tho NRC-28 

' 

electrode for making th ie  very much easier. But, in view of my 
past reputation for being hard on the caat  armor f o b s ,  I want t o  
say' they are doing a wonderful job now in stepping up t o  something 
which will eliminate the complaizlts of the f ~ b r f  czitorsr The fab- 
ricators havo felt x ~ t h e r  bitter,  at  times, about the way cast 
armor repairs hrcve been mde, and 1 think that feeling has been 
entirely eliminated. I think the fakrfcatore a r e  quit8 happy.*ith 
the way the situation is developing." 

Major Dunlap reported on activities of the Aircraft Armor Fabricatorrsl 
Group: 

"The ~ i r a r a f t  Armor Fabric~ztore' Group met yesterday for the 
purpose of discmasing a proposed outline of the form in whicb the 
fabricato.ra would submit their welding procgdur a. The i dea  of 
thie  ie t o  get some uniform or standard form in which the welding 
speclf ication pocedures used by the fabricators me t o  be sub- 
mitted. This form m a y  be slightly modified, but w i l l  probably be 
adopted and beadme an 'addendum t o  Specif $Cation JAN-41." 

We Jennlngs ranorted on aoflaitios of tlie Research Group: 
''The Ressaroh Group had a meeting yerater&& t o  discuss some 

0 
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fourteen prablems, which Mere handed in by th4 r~embare ntr pos- 
sible aubjects far  research work. As you know, the Research 
Group is p r f w i l y  an advisory body* We do not do any research 
ourssloes. All we do is get ideas and discuss them t o  t ry t o  
determine whether or not the problems are of such a nature that 
work should be dona. In additioli to that, we are qpcseff  to re- 
view work that has alreacty been done and mike= recommendat ions t o  
the cowittee as to its value and how it should be used. 

problem, more research work should be done, is along 
the lines of spot welding and heat treating in the s p o t  welding 
machine. mC had a project of this type at Rernsseleer Poly- 
technic Institute. Thia ha8 now been completed; and I think it 
has been shown definitely that such a system is f easlble, It was 
the gene- consenaue of opinion by the Ordnance Department and 
the Aircraft Group that there waa l i t t l e  need for spot welding 
of armor because of the thickaase of armor used, and the fact 
that they are now doing 8 very good job with arc wsldPn& For 
t h i s  reason, it was decided tbat no additional work should be 
dolie oh this subject at this timo. Mr. Warnor wanted a process 
sp6cfffcation so that ho could use gpot weldin$ of this  type, 
the agroed t o  prepare such a ~pccif icat ion on the basis of 
work alfsady done Sf they received n formal request t o  do 80. 

% second proble-more information i s  desired w i t h  regard 
to the use of needling wants and their  effect on hardonability 
and woldabil ity.  We were interested in the group primwily on tho 
matter of troldability. It wras brought out that considefable wrk 
has already been done on effect of needling agents; t h t  at the 
preaont time ~ e p o r t a  prepmad MDRC and '8, taht is. the W a r  $n- 
gineorfng Board, m e  being grobped together for distribution. 
Chptnin h n b J . 1  pointed out t h ~ t  all mmor plate todw contnf ns 
needling agents and a great many N.E. steels contain needling 
agents, Consequently, we already have a great deal of i , n f o r k  
t l o n  available, although m ~ n y  of us probably did not know i t r  

"A comparison of chhracteristics of welded joints i n  armor 
mate i ids  used by Russia, B g l m d ,  and other &Tied countries 
were requested. It was brought out in discussion Lhnt  such r- 
ports have already been made. They h v e  been distributed only to 
a very limited extent, I believe. They are available at, 1 b~ 
liere, the Ordnnnce Departmant ih HaBMngton, if you cAre t o  ob- 
tain them. There have been m a y ,  mnny reports prepared Q privet0 
iadustr$es, by the Ordnance Department, and by IIRG on aiff arent 
phaees of the welding of armor, k t  I s  neadod probably more than  
anything else is for aomebody to collect this data, cornpila and con- 
dense it into A brief.form so tha t  it can be mde usable by the in- 
terested parties4 This is a verr  large job, and although 1 believe, 
technically speaking, th8 Research Group is supposcd t o  do things 
l i k e  that, I don ' t  think there a r e  any of use t k t  would have the 
time t o  do it. About al l  we can do is t o  recommend that something 
be dona. r 

ODeveloprnent of a suitable val@bil i tp t o s i  or tes ts  t o  do- 
ternfne the characteris tics of a steel for feblicatiop by 'welding 
is desired. Thle is a problem that is now being worked on by a 



great mkny agenctee. Watertown Arsenal is working on.it. The 
Natf o&E Research Couaci3 f s working on it, $hb .@ldfng Besearch 
Council i a  working on i t .  The h v a l  Research Lob i a  working on it,  
and private industr~~ ts working on it.  A t  the preaent time we do 
not have a final answer. Someone should investigate whv austenitic 
weld dqos i te  sometimes crack and determine methods of preventing 
cracking. It waa brought out at the meeting tha! the Rustleas Iron 
Company started an investigation on t h l ~  subject with NRC which 
wae later taken over by the Unlted States Navy; that they have r t r  
rived at some definite decisions and conclusions regarding thf s 
matter, f t  i s  desire4 t o  study the possibi l i ty of eliminating re- 
quirements q f  preheating on plates over 3/bn thick when welding 
with ferrftic alectrodea, that is, the electrodes of tho NRC-a 
type. The NatZonal Reeearch Council ia d o f e  work of t h i s  type A 

at the present time. 
I1Developmont of a direct explosive t e s t  for welding armor 

should bo continued. As you know, Aberdeen lms dons aonsiderablo 
work along t h i s  line, NBC ba bad a project at  the Trojnn Powder 
Company doing the same thing,. It was recommended by the Research 
Group that the @ b e e t  explosive test investigations be continued. 

"Someone should Investigate causos f o r  different t y p e  of 
welded J o i n t  failures under bal l i s t i c  impact and investigate and 
inaugurate a progrenm to investigate method8 of preventing f'usion 
zone failures., Again, there has been a l o t  o f  work done on this  
aubject, and i t  was the cpneenaus of opinion of the committee that 
nothing new should be started, but some effort should be made," first, 
to correlate a l l  informtian tha6 is available. Mr. &nso egrood 
to mrtke available what  information they col lec t  on this subjeat. 

'The Reoewch Group p o s e d  s motion recornmendie that the mC 
Projects 1 and 2 (those deal with tho woldability of commercial ar- 
mor and development of f erritic electrodes) be claesif f od together 
as t o  importance, and that work on both projectrv be continued. 
Apparently, in the lsat clasrrification of thaae progects the KRC 1 
was not cl~ssified as important as tho NBC 2. 

"The abject of the Reaaarch Group. is to review 'problems that - 
&re considered to be important and on which resemch work should be 
done. If any of you have any' auch problems or you know of any that 
you think should be considElred, if you w i l l  plens'e send them direct- 
i y  to me or aond them t o  the Chairman of the Subcommittee, who can 
paes them on t o  me, the Research Group w i l l  be very glad to give 
them the)r considera t ion and make a def f nf t e  roeonmendat ionc 

h j o r  Vatthew commented: 
"The Research Group meeting yesterday m a  very interesting. 

Rather hentea wguments dwelop&i, and f am sorry that more o f  
you couldn't m e  heard the discussions thtcb'went on, It lasted 
unt i l  about 6:W o'clock last evehing, I w o u l d  like t o  re- 
emphasize the fact t h n t  a l o t  of you people -get  ideas, I am sure. 
ghrerybody gets fdeab, and we would bs very happy t o  have those 
ccmmunicoted t o  somebody, ' bone group  that i s  in position t o  eralu- 
a t s  them and decido~wh~ther or nnt they should be ptzmnad by NRC 
contracts, by the Ordnmce Dop~rtment. If t h e  Ordnance. Department 
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@ r e  cailb~.s of helping, you, re w m i ~  very, v . ~  ~ p i ~ y  reoeive '  

any euggestions that anybody might have in these ponheetions; - 
"I'd like t o  mag something more about. one of the items tha* 

Mr. Jenniqs  aentlan&, . ' ,  and that.wos the wtter of the useof  
. needling s e n t s *  ' Actudly,' i d .  is-,asaentfaTlg; & . b r ~ r  problem, 

but -it might be w e l l  at  the t i m e  to discuss the sit=- 
t f o n  as it affects the weld& people in a little more detail* 
Back in February of 1942 all the armor people were called t o  
Washington and told in rib uncertain terms that they had t o  re- 
duce the alloy content o f  asmor plate. The armor Pndustly, as 
you all know, did a magnif icant; Job, and in approximately six 
months a complete transition had t&en place from tha higher d- 
loy types of steels which had been used to low al loy  types, ' First, 
the main requirement was t o  elimi~lato as much as possible the 
elements nickel, chromium and vanadium, and that was ~ccanplishad 
very, very satisfactorily. Well, then, everybody swung to moly 
steels, as you al l  know, And so the element molybdenum becme 
very tight, probably tighter than any s i t m t i o n  we had had with 
respect t o  the other elementar. So, some addit ional  work h d  t o  
be done in ordor %a lower the molybdenum can%epts of armor ~ t e e l s .  
h e n t ~ l y  t k t  problom wars licked a l s o .  A t  one time the average 
moly content for .the armor being producad f o r ,  the Arnly was irl the 
neighborhood of 0.25%; perhaps somewhat lower over a period of a 
few nontha, Well, i t  was at  this time t k t  the significance of 
the effect af boron was generally recognized. Abd It was about 
th is  time that boron was h i t i a l l y  d d o d  to. armor steels,  So that 
over n period of about a yoax, at least a year, from the last of 
19e through 1943, and until the allay situation eased again in 
gene-, boron was h a b i t w l y  used in rol led armor, thnt is, the 
rol led  komogenoaue armor that you peoplo were u~ing for araored 
vehiclee. So, boron treated steels have bean used and thousands of 
tons have bpen made, and lots o f  you people, I belf  eve, haven1 t 
realized that. Now, we can'state rather categoricelly that boron 
does n o t  have aa ddverse effect upon woldability, t b t  is, if you 
use boron and obt'ain a hardenability that l a  equivalent t o  a greater 
amaunt of d l b y ,  other of the normal alloys,  t n  attain equivalent 
hardenability, there is no evidence t o  indicate thnt tho weldability 
of the boron treated steel is. inferior. 

"Now, th'ere are other nroblams in the use of boron vhich the 
stee l  industry has been battling with $or sone time, but whfch 
they have overcome rather nicely, One i a  the 'fadingf ef fect  that 
they get in heats of steel when they add boron. As the steel Is 
held, the hardenability effect tends t o  become somewbt less, but , 

that f s 'a matter of the manner in whf  ch the baron AdditLon is made. 
And that problem has been' rather satiafactnrily aolved, 5 beliovo, - 
Sa tfiat in the case o f  rol led armor you have been u a i n g  boron 
steels  . r ight  along* Now the u s  of baron is not quite as general, 
becanse people have gone back to moly and have el imikted boron 
in same cases, but boroq is s t i l l  being used in three nr four of 
the larger production steels  t h a t  are presently being uaed for 
rolled homogeneous armor. The cast armor f n d u s t ~  did not go to 



baron in e m i d +  Thq triad it .rather early fn the game and 'I 
thf* we might have missed a bet  or two, bht the asst armor fndue- 
try never adopted boro'a treated s t s a l e .  I this with the expert- 
ence of the s'tsel iadustqt as s vkiole i n  thls country, they could 
handle the boron treated  steel^, at least in the basic open hearth 
furnaces, i f  it was necessary at any future date. ID 

Following this s u m m q  by Major Matthews a discz188ion of what is meant 
by "commercial armor" took place: 

Mr. JsffrSesr 
"What i s  commercial armor? I have been plagued by that term 

in aaveral instancee; and f wonder w h a t  cornorcia1 armor is." 

Mr. Jemings: 
u l  don1 t know the answer t o  tbat, You sae, all I was doing 

was g i v i e  you the definition of lo and thnt ie the m e  o f  
the proJect.' 

&jar ktthewsrt 
"George Mikhalapov hero j u s t  said commdrcial arrnop is nmor 

you buy on the market RB .~ppoaed t o  armor which m ~ y  ba made in s . 
laboratory or sdme othar sources. 

Mr. Jeffrfes: 
'1 have in mind the procurement of armor, a d  also the dis- 

posing of a lot of armor on contracts due to excossi which I .come 
i n  contnat with, but Z thought perhaps Mr. Jeanings referred to 
eomm@rofnl armor as the type of a m o r  which is use4 in various 
vaahiclea, such AS bank trucka azrd that the bootleggers used i x y  
prohibition days. Thero was a lot o f  thnt used. " 

k j o r  Mbtthews: 
''1 the& I can givs you something more ~ e c i f i c *  I would agly 

that commercial armor is amor which has been accepted under any of 
our outstanUng specif icatiosn, is subwitted fo r  inspection and 
t e s t  under ~lt&ndiard specificertfon. It is not commercial, but it 
is commercie.1 so far as the Arxqy Ordnance program in the use of 
armor is  concerneden 

Major btthews raised a questibn: 
"1 understand some of the fabricators have had trouble with 

some of the l i g h t  plate that is boron treated, Now, would anybody 
care t o  discuas that nt th is  time? I w o U d  l i k e  t o  know particulnr- 
ly whether those troubles have been overcome, and so forth.  There 
was a time when there was a little heated feeling dgveloping song 
the fabricators with respect t o  the use of boron treatad steels. 
Now, I would juat like t o  know whether that situation has boen 
clarif iod. " 

Mr. Diebold remarked: 
"We are ysing that armor plate today, m d  our criticism of 

boron treated armor waenrt criticizing the use of boron, but 



cr i t i c idng  the lack of caatrol preeent st that time of harden- 
ability. We found t h t  boron aa a mterial didn't Sdlwnce  weld- 
ability, but hardebbi l i ty  euch as we g o t  S t ,  same gf fhs baroh 
treated steels were terrific, with the result that we had a great 
deal o f  diff iculty in welding f t. I believe that was ~ l s a  tme 
with Fisher Tank Arsenal on the same type of co~ditionle. In other 
words, boron e t ee l  with high hardenability we feud was comis.tent- 
Jy poor f o r  weldability, If we cracked one plate. of the heat we 
crackad them all, and if it was l o w  in htwdenability, relatively 
speaking, then no trouble was experienced at all. so far css we 
were concorned it was a question of controlling hardembflity in 
the wufactvre of  the s tee l*" 

IOF k t t h e w s  contfnuud: 
"Tho psablem hara, I think, you a11 recognize. The stoe'l 

mills have t o  roll nrmor for the varioue' an8 sundry contracts, 
covering, we'll s a y ,  thicknessas from 1/4" t o  2". Ohfously, be- 
cauee of the order situation, it develop& i n  certain caaes so that 
they have t o  use heats which probably had been melted far  heavior 
thicknesses on l i g h t  plate orders. T h a t  is one source of the dif -  
f icvl t y r  The tremendous eff oct  of boron h s n '  t been recognixad. 
If you Mo a stsel oonrsisting of multiple dlq stee l  and all your 
elements happen t o  be on the high sib, and if you boron treat It* 
'then, you w i l l  probably get a 10& higher hardembility than yaq 
wou ld  if a l l  tha element$ were on the l o w  aids, Tlmt  is ape of 
the inherent diffioultiea of. N. E. s t ee l s ;  the same thing applies, II 

Mikhalbpov r q o r  ted on NRC Research an& Dwolopment Pro j eotsr  
'*he firet is the project, the t i t l o  of which perhape f 

had better skip in view of the objections raised Lo the term 
commercial, but i t  has t o  do with the welding of armor. As you 
remember, about a year ago, thero waa an oxtensivs program of 
welding mmor place and testing f t under cold conditions i n  h q , d a *  
Wo11, we finally wound up that investigation by the issuance of the 
final repore dealing wfth one batch of plate, that is, the plate 
weldsd with chronwnickel-molybdenum ulectrodos. hoking  over the 
experionco gained with tho axnninatioq of  thaae plates ,  as well ae 
other plates welded with  austonitic eloctrodos which have been 
examined as part of tho program, i t  would appeaP that we can now 
safely say that tho  most prabablo causo of fai lure of these welds 
is carbido and ail icate segregation ~ n d  precipitation on tho inner 
face of the-wold, a few thousandths from the f err i t e ,  or forri t lc  
material, in the austenitic nnterial;,aM depending on the oxtont 
of the precipi tat ion and on the skortnese of the path through the 
pJete along that 1Wer precipitation, the plate faila or daes hot 
fa i l .  But in panually w~ldod  platas where the r a t e  of cooling i a  
such that the base plate i p i  no t  appreciably affected, it wulB ap- 
pear thnf f a i l u r e  I s  a function of this parbide precipitation, and 
also of tho l e~ ig th  of the path in which tlmt precipitation is 

I 

present. 
"4 study of the 1 /2" .p l~ tea  welded wfth ferritfc and pustenitic 

e l e c t ~ a d o s  reveals on the nth& hand that in the t h i n  plate the 



tooling rate is insufficient t o  pgoduce quanched out marteasite 
next to the wdd, and for  th is  reason a weakened zone adjacent 
t o  the weld .in the hat-affected material l e s  found. In an emm- 
inatioh of a number of plates i t  was definitely found that ap- 

- proximately 70% of all failures occurred i h  that haat-affeceed 
zone, and that i n  those caaaa that heat-affected. eone contained 
equi-axed ferr i te ,  which i t  appearo is partfcule ly  susceptible 
to cracking. bmbinatiaea of joinh deeign and welding pmcedwe 
which reefit in a high percehtage of rciculer formation products 
i n  the heat-affected base metal are definitely superior to those 
jolnte and procrduro~ whlch result i n  the formation of appreciable 
free ferrite, In othm words, the joints which result in tho lees  
hektfng. of  the metal next t o  the weld and the most rapid rats  of 
quench e f t e p  are the superior. 

"In connpction with the development of ferrf t fc  armor welding 
electrode, a study hw beon made of the isothermal transformation 
of the wold metal obtaiaod with th i s  type of electrode, aad a 
short report i a  now being arubmittod on that, Two oboervat5ons 
m$y be of interost In, connection with this study. Tho tendency 
t o  form acicular ferrite i a  considerably greater with this type 
of weld m a t d  thnn with any dthar type of f e h i t i o  electrode ew 
mined, U e o ,  the aaicular ferrite formad in the neighborhood 
o f  1000°P. muses the residual austonitic pools to acquire suf- 
ficient car'lion t o  guppreas traagformztion ht intermediate t e w  
peratures, with t h e  result that the f i n a l  depolait consists of 
acicular ferrite and tempered marton~~lte .  This depo6it doea not 
readily l o s e  its aciculnx nature on reheating. 

"Xnfiofa ttru the development of NRE2A f e r r i t i c  olectroda i s  
concerned, we hme beern attempting to do three things. We have 
beon attempting t o  reduce porosity and t o  lower the preheat tern- 
persture peceasary to deposit that weld metal in the rastrained 
jo int  without cracking, It would appear t h ~ t  those two phenomena 
W e  not dissimilar and that the same factor m a ~ r  cause them both, 
that is, contribute to them both. In addition, we have con- 
oentmted rather heavily on madifying the chemistry of the weld 
metal t o  permit a better suitability for h e ~ t  treatment, such as 
found in cast armor specifically. Briefly, the present weld metal 
composition is  spsceptible to tetpering treatmante at tabout 1200' 
F, or highep. The hardness drops off very drastically and the 
joint suffers aa a reault. Me are attempting to develop a corn- 
p ~ s i t f o n  which would not drop off in hardness at those tempere- 
twer and still be equally crack resistant, that is, better s a y ,  
equally non-crack sensitive? About the only statement I can naka 
is t o  quote Captain Boucher when he said yesterday to the Homo- 
geneous Group that i n  general the ba l l f  stic shock roofstance of 
butt welds made with ferritic elec,trode Etro superior to  thoso mada . 

wi$h austenitic electrode, but ,the performance of corner joints 
and T joPnts, duo to the geomstry a3ld the stress concentration 
factors involved, i e  about tho same, a d  sinca 90% of tank joints 
axe of that nature, .the over-dl perforrpance o f  structure o f  tho 
tank typo made of the two types of electroiig i$ verg, very similar, 

'The work on epot welding of armor plate hrto been completed. 



A firm1 report is coming. out. The work has est~blisbes4 pretty 
w a l l  that s p o t  welding of' wmr plate  &s possible and th.t c o p  
siderable strength cm ba obtained. ~nfortunatsly, we have not 
had a chance or time t o  go into the phase o f  this work which is 
perhaps more in the realm of development than r&serrrch, and ' that 
is t h e  actual evaluation o f  a spot welded joint i n  taris of arc- 
welded j o i n t ,  A t  p r e ~ s n t  we don't know really as t o  how t i  spot 
welded j o i n t  compares when subjected La bal l i s t ic  shack with are 
welded j o in t  stibjected t o  the same type of shock. Since it ssems 
a t  prosent that the f i e l d  for  spot wording of mmor plate. .is qui te  
narrow, we e.ra not cantenplating conducting this developmeptr 

"The direct explosion test f a r  welded armor plate, on which 
there  hns been consider~ble controversy Pn the rnsenrch circles 
ns t o  its validity,  i a  more or less  caning t o  an end, though it  
nay bo revived. 3ri cf ly ,  we h ~ v e  been able, by tho s3na,as of a 
low velocity exp3osivo to eetablish a general cnrrelat i on  between 
the shock performance o f  a welded butt j o i n t  18" l o n g  by 18". 
square when subjected to q l o a i v e  t e s t ,  and that of H plates 
whon subjected t o .  bal l i s t i c  shock. Tho amount sf 'work done has 
not been suff icient  t o  permit a clear docis ion AS t o  whether or 
not  this Lest  is prrtctical  md helpful* We b v e  also tried t o  
t e s t  a series o f  fillet attached plates using austenftic and fes- 
ritic electrodes by mPans ~f t h i s  test, The results have not been 
tan  clear, bec~,usa we are attempting t o  t e ~ t  bath'the t e s t  and 
the electrodes with it. We h ~ v e  developed very nice ways of 

' 

measuring the bi&xin,l stresses through the thickness o f  the plnte,  
and fomd that it varies consider~.:b2y, t h t  the  strese of the sup 
face is qui te  different,  much lower, than the stress in the mid- 
d l e  of  the plate. We have also establiahad tho fact that the 
residual stresatw produced of  austenitic, f e r r i t i c ,  and mG2A 
electrodes are a l l  about t h o  semo order of magnitude* Such i* 
provement in parfnrmanco as my be found with the austenitic and 
NRC-2A electrodes can ba attributed t o  metal lurgicd factors  nnd 
not  t o  residual stresses, Actually, if ynu are n o t  CP-~eful ,  stress 
re l ie f  pn~ticulnrly in austonitfc j o i n t s  mqy do far mare harm I n  
ehack resistance than it can do good, depending on temperature, 
I suppose, at tvhich it is donee 

"On flane cutting o f  armor plate: We hnve considerable 
trouble i n  obtaining crrzcks, except for intor-  corners, and 
those only would crack when the radius tms very snd.1, less than 
3/16". By interm1 corner, of course, I mean er square cut in a 
p l o t s ,  On an externel corner or s traight  cut an  the nrmox ox- 
aminod, which has been 1-1/2" in thiclmesa, on the nickel-chrone, 
moly-chrome manganese, chromium scries, we just couldn' t get any 
c r ~ c k s  whether the armor wfis heat treated or whether i t  was n o t  
heat troatod; The variations of cutting variables and procedure& 
did n o t  appear t o  affect the tendency for cracking at all. In 
other  words, we went beyond all possible ranges of practical 
cutting, procadurea and still couldn' t f ind  any difference insofw 
as cracking tendency is cfiacorped. Insofar ae thoq cracking. on tho, 
i n t e rna l  corners Pa concerned, the Pactore which a m  most impor- ' 

t a n t  in influencing the cracking i a  rigidity nf  the s t r u c t ~ e *  



- 
Por instance, if you hme a hole in the middle of the plate you a 
a r e  much more apt t o  get  a crack than $f you,hve a hole right  
close to the edge of the plateo becauss, there, of course, the 
restraint produced by 'geometry is much lese,  The temperature 
of the plate, of oourse, and the- rersidud stress pattern in the 
plate has a good deal t o  do with itc d rather tentat ive coaclu- 
sion,  but nevertheless which appears t b  be quite definite,  2s 
that  the residual strase present oh the surface of flame-cut ar- 
mor is compression, not  tension. T h a t  appeas to be due t o  the 
fact  that you have a very high hardness, essentially pure m a -  
teneite,  oa the $urfacs, sad that nartensite has a larger volume 
than the ferr i te  back of it, therefore, wdar compreeaion. 

"There is on-e mare inveetigation which is to us most inter- 
eeting, and that is the study of tho effect of the arc atmosphere 
on the properties of kha joint .  I think we can now sw without; 
any ahadow of a doubt that bdrogen is responsible for most of 
o w  trouble. When an atmosphere of pure CO nnd CQ2 without any 
hy4rogen i s  present, no cracking, underbead =tacking, will be pro- 
duced m matterr what the hmdenability of the nat.aria;l is+ With 
an extremely high hardenability plate, using R plate which was 
practically ref'rigersted from tho bottom by ice brine, and in that 
atmasphere wa s t i l l  cstnnot get any cracks. However, the moment 
hydrogen is intpoduced, cracks begin to -pear. The interesting 
part is t b t  tho f irst  manifestation of the introduction of hyd- 
roges i e  porosity* The next manifestation is cracking, and as 
the hydrogen conkent inoreases the po~osity tends to disappow 
and cracking tends t o  increase. We do know that when the volume 
of the totaJ gas atrnosph~ro per linear inch of electrode drops 
wny down, thast WQ cnn stand vesg much higher perscentage of hyd- 
rogen, In other words, there has got to ?JO 8 cortaia volume of 
hydrogen and also a certain cqncentrstion o f  it i n  oraer for these 
sdveree conditions t o  exist. A rather curious phenomenon which we 
don' t quite understand i s '  t k t  i n  aa atmosphere of completely pure 
hydrogen with nothing present the arc just won1 t arc. It just won' t 
B X ~ O  t*" 

after lunch (301. Hoare commented on armor walding developments in Canada 
rad England: 

"They ere still building some heavy armored cars out of homo- 
geneous hard armor, that is, abauf 400 Brinel l ,  of 7, 10, and 12 
millimeter. We hnd some trouble with that in the emly d e j s  of 
the war, as I think I have t o l d  you before, due to the cracking 
of welding; but, now, they are postheating this vehicle that they . 
are making ug to about 200°C. hnd are using 1818 electrode, and as 
far I s  I could diacover th<& were nut havfng any cracking troubles. 
There is o d y  one firm over there that Is using X - r q  oxmination 
t o  ally oxteht: Tho other people are just doing i t  by visual ex- 
amination, and one formed the impression, after being a r o u d  -the 
plants here, that they seemed rather casual about the method of 
inspecting welds. 'They are also welding 8 heavy tank over there 
with 5-112" and 6" armr, which i a  rather interesting. A l l  $he 
welds .are being  done by hand welding. A13 those thick plates, thew 



are preheating them t o  about 110' Centig~ade. %me of them ib 
the thinner platea, they axe using rather high carbon, and ta  
counteract the troubles they are using 25/20 electrodes when 
welaing the higher. carbon material, 

"They are using two methuds of testing for cracks aver there. 
There is the Swinden T t e s t ,  which consists of 14 millimeter plate, 
strips &out 3-1/2It o r  bn wide, and welded by m e a s  of r T, and 
underneath tho weld on the head of it, there is a sect ion of abut 
~ / b  mild s t e e l -  which m&ea i t  rigid. And, then, there is tho 
ring-weld craclcing te?t which they me f o r  assessing the relative 
weld cracking scsceptibility in.vsrious tyyes of electrodes, that 
is, the base of t3e alloy you are going to use, 1" thick, 'axld there 
is a circclar  h o l e  cv.t 4" diameter, and into that is welded a cen- 
ter piece, hftcr Y-irg each side. The centor piece is tacked in 
and thore is n definite sequence of welding it, . There is a cer- 
tain m o u n t  o f  o r g e ~ i ~ a n t a l  work going on on the weldability of 
light armor plnts  up t o  end including 14 millimatera, The t e a t s  
are on a largo nwrbo? ax' different rtnalyses, most of wbiqh were 
of a high h r d e m b i l i t y .  The c3nclusions that have been mrived'  
at  a9 a result o f  those t e s t s  s.ro that the carbon content has the 
greatest single influence in crn.=klag in the fuaion zone, and that 
the alloys exert only a secondayy influence, and the report also 
concludas that the difference in tha heat treating methods has no 
influence on the cracking suscaptibility. They consider that 0.35 
carbon I s  the allowable m a . ~ i m ,  in c o n t r a s t  t o  the 0*30 allowable 
in Canada. . 

" b e r e  are some experiments on the wgmese-moly-f errft ic  
electrodes g o i n g  on, S q l e s  have beon prepared, and they have 
come t o  the conclusion that these electrodes are not euitable f o r  
the welding of Light armor that is being produced in England. 
They have experiehced the same trouble as has been e~periencsd here 
with the poro~ l i ty  on the NRC f e r r i t i c  weldments. Thw suggest tL?t 
the use of mild steel wSre and the introductfon of hardening ela- 
ments by means of the coating might overcome the trouble, They a l s o  
suggest tha t  3.9 core wire in the one a d  one-half chrome-moly content 
was used that it might ease the situation. The cracking that they 
have had, although it looks  serious from a production poin t  of 
view, they have not founil  it to be very detrimental when the veh- 
icle actually goes into agrvice. 

"In C n r ~ a d a  1 subjected the vehicles t o  very strenuoue c ~ o s s -  
country ruming, and also did an extensive mount of firing at 
the cracks; and we h d  no tsollb3.o with the cracks extendf ng or 
the bal l is t ic  inmunity o f  the vehicle suffering, nor its mech- 
anical stability. I t  i s  only a paychologfcal question that when 
the troops in the f i e l d  see that there are cracks they begin t o -  
suspect there is something wrong with the ,vehicle. , Certain cracks 
have been found in vehicles when they have gone i n t o  semi ce, but 
they have not seriously affected the utility o f  the vehicle or 
its bal-listic immunity, So it is considered that these repaired 
cracks, although they certainly look batter,  t h f ~ r  make veTy l i t t le  
difference to the battlewortby condition of the vehicle. 

"Up t o  the present they have bean welding plates. that is, 
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rolled plates, in+o the east 9,turretsr and although they have been 
made. ino35 carbon steel, that welding has been awoassfully ac- . 

complished by buttering the  -0s with 25/20 electrodes, but new 
vehicles coming into production would require extensiva wtsldtng of 
cast armor, m.l they have thought, then, buttering was m.f prac- 
tical. An attempt has been made to qrrange a change over t o  steels 
containing a maximum of a 3 5  carbon, but I t  has produced a dif f icul t  
problem becauae I t  meam water qusnchtng, end no facilities existed 
for doing that a t  the v~r ious  firms where they wers be%= made. 
They bave been doing 8ome experiments with the k d  surfacing of 
ferritic welds in one and oneha l f  chrome-moly armor to  determine 
the rersistance to impact and armor-piercing attack of the surface 
h~rdenad weld8 on this  one and one-half chrome-moly homogceneous 
wmor, and have come t o  the conclusion t h t  the immunity of joiata 
in armor welded with mild steel electrodes may be incrsased aon- 
sfderably by hard surfacing, And they have came t o  the Conclusfon 
wfth tbt, that repair welding of east errnor t o  a depth of up t o  
three-qwrtersl of  the thicknees does not affeot t h e  b a l i s t i c  
properties, but a repair weld which goes right through the thick- 
neeo definitely lowers the immunity. They h v e  uaed tha 25/20 and 
l g / g  austenitic electrodes, and having subjected it t o  the attack 
laid down in their standard specification, they have no t  found any 
difference batween the results with the 1g/8 and the 25/20 e l a c  
tr odes, 

"As rogi.ds Canada, we are e t i l l  buildfw self-propelled 
mounts q~ there. One of the troublos we have had is getting the 
root  weld cleaned satisfactorily so as t o  get adhesion between 
the next runs* we took R series of w e l d ~  and ground them out, 
sad a sfmilar seriea and burnt them out, and &re carrying aut 
f i r i n g  tes ts  t o  see if there ie any difference, because we have 
found out that if we burned them out that  i t  is muck easier 
from rs, production point of view than grinding them out. With 
reference t o  the craoking of six millimeter homogeneous s o f t  bul- 
let-proof plates, we have come to tho conclusion t h t  the only way 
of overuoning that trouble is to reduoe the hardembility of the 
plato, and 80 a l l  thoas plates th.t are being welded SntQ a body 
have t o  lie within s de f in i t e  rarge of hardena3ility. If they 
donlt, then, we have t o  u ~ e  those plates on R riveted structure I ,  

instead of on a welded structure. There is s t i l l  a fair amount 
of PerrPtic welding being done on these bodies in Canada, and ve 
h v e  had vary good results with it so far. We are still employ- 
ing the direct explosive test t k t  I t o l d  you about last time. 

"I have just ona or two no t e a  on Oerm~n armor whf ch may be 
of interest to you. We have found that in examining G e r m  armor 
thnt there is still a variaty of electrodes used on the anme hull, 
but there Qppears t o  be sono def tn i te  reason for it, imsmuch as 
the s tee l  that they are using a180 variea, There are some mild 
steel welds we k u e  found, and they are used f o r  the internal at- 
tachments to the inside of the tank for various fitmenta, and some 
of those axe made wfth mild $ tee1  and some w.ith mangensse modified 
auetenitic rod. In all  the Cases that were examined, there wae a 
tremendoue arnount of undercutting noted, which rather points t o  a 
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lack of proper welding technique* And alsoS there was a very high 
hardnees in the parent armqr, and brittlenees in the heat-gffected 
zones around where these attachments are put on, which pather poin ts  
t o  the fact that they a r e  eqerisnoing difficulty fn getting satis- 
factory welds. fiom samples taken from a German tiger tank, we 
found that the r o o t  bead deposit on them were austenitic in charac?. 
ter, and o the r  beads were fountl of the mahganese-chromiwnickel 
composition of a non-austsnitic character; Theomds used to make 
these derpositg appear t o  be borderline austenitic, and the dif- 
forences t h a t  were found are possibly due t o  pickup. and fit has 
resulted i n  aome cases i n  a ferritio depoait. The depoait of the 
weld metal was very irregular,  and some vory high hardnesees were 
notod in the adjacent &one, which gave failures in the fus ion zone 
of the metal. 

"As fa r  ae the ptesent exploration has gone, thera h v e  been 
soma austanitic eloctrodee used a t  tho r o o t s  of all butt weld& 
There h s  bsen a31 a l l o y  f e r r i t i c  ueod in the main body of the welds, 
There has bean a, ferritic used ih the mild ~ t e e l  parts, m d  a hard 
surfacing e lectrode has been used whero the welds are ~xposed t o  
.direct b d l i s t i c  attack. And we found, also, v~rying hudnesscs 
due t o  the varying thickness. For each thickness the  hardness is 
&bout 50 Brine11 points higher than we used in w a n d .  ' The c o p  
poa i t i o a  of the plates, \$lich my bo of ints~ost t o  you, fell with- 
in carbon 0.33 t o  0.38, mnnganase 0,36 t o  0.42, chromium 2.4 t o  
2.57, and moly 0.35 t o  0.47. A11 tho Garman uelhents that we 
looked a t  gavp indicat ion of m inferior quality, but it soems that 
this is  more than componsatod by tho structural strength that they 
put into t h o i r  jo int  designs, A11 the j o i n t  designs on a d e m n  
tank aro such t h a t  they depend for tho rigidity of the atructuro on 
the fit of the plates together rather than on tha weldment." 

Major ktthews  remarked; 
"We would l ike  t o  t e l l  you people of some of the work thnt  we 

hnve been doing dt Vatortown; not t o  pat oursolves on the back, but 
t o  indicate  thn t  we a r e  s t r iv ing very hard to malute  the f a c t o r s  
w%ich influence tho ballistic properties of woldod j o i n t s ,  In o t h o r  
worda, we are trying t o  t a k e  the mystery out  of it and show you b 
analyses, which we hope a l l  of you can maerstand, t h t  whe9 tho 
plates fail there is usually a very good reason for it, When plates  
are good, there is s lnck of  deficiency i n  the welded j o i n t  v~hich 
would account for a failure. Now, the work has gone &long t o  quit0 
an ox teat^ We have confined oursalves so far t o  cammercial mtcrial 
that h e  been made available t o  Us* Samples from 50 t o  60 glctes  
have been andyzed rather completelyr The wrk i s  continuing, as 
pou may imagine, znd we hope t o  be able t o  outl ine t o  you people 
today tosts by which the fabricatore themelves can go a lory; ways 
in evaluating new welding procedures, new electrodes, new j o i n t  de- 
signs 2nd things of  that sort, H .  

Mr. Warner e x p l ~ i n e d :  
"I don' t w a n t  t o  take v e q  much tlme, bacau~e I know you are 

going t o  bo interestad i n  the results of  tho work on armor waldsm 

* b l p  



Primarily t o d a , ~  we want t o  give you the reaults of studies of 
armor welds and some brief concept or idea of what the future 
result o f  those studies may be, as far as s t e e l  structures are 
concarned, which mqy not be a d  probably won't be armor weld- 
ments, Fha results of some o f  this work have been i~sued in 
the form o f  ex~erirnentd laboratory reporb, restricted reports, 
Because of pRper shortages and other Pensons, those reports 
have not been distributed t o  the Su%committee membership. They 
have been ais tributod to  the members of the Research Group, 
though some of t h i s  probcl.bly will be an o l d  story to thc mornbers 
of the  Bese~,rch Group who h ~ v e  received copies of these reports 
End h~,vo studied them, Same of the information w i l l  be giaen 
you is the r e s u l t  of more recent studies which h e ~ e  not y e t  B o ~ n  
published. 1 dm go ing  t o  ask Lieutenant Rerres t o  tell you some- 
thing about his exmina t i on  of velds f n firmor.' 

L t .  Herres commented: 
"1 have four subjects here t o  discuss. I Am going t o  spend 

t he  most time on the f irst  one ~ n d  very briefly summarize the 
conclusions on tha others. The first one 18 ev~luett ion of shock 
propertfea of welaed errnor j o i n t s  by laborstory t e s t a ,  ITOW, we 
h d  e number of uhatogrnphs which w o a d  &ve shown many of the 
spccfff c defects thRt I vsntea to talk about mch better than 1 
Can t e l l  sou, but we don't have the projector n ~ a i l a b l e  to shol~r 
thene photographs, I vmuld l i k e  t o  s tnrt  out with a deflnitian of 
weldability which we have used i n  structural ~ t u d i o s ~  It fita in- 
t o  armor find i s  a f a i r l y  good introduction to the t e s t  work. This 
d e f i n i t i o n  i s  tb,t 'weldability Is the eapccity of the s tee l  t o  be 
fnbricated by n prescribed welding procedure without detriment to 
its servico propertiesb ' 

"On that basie, the f i r s t  step in evaluating weldabi l i ty  is 
a description of the signif icnnt welding procedure variables, 
These v~rictbles must be cont ro l l ed  within  the Ifmits of commsrciel 
fabrication, ~ n d  if no control is possible, you must reprosant the 
w o r s t  conditions for the test. The weld ing  procedure specif i cc t ion  
AXS-497 he a table l i s t ing thc welding procedure variables, Por 
the procedure qua l i f i c~ . t i on  the  E pla te  is the final test of weldp 
a b i l i t y .  One factor which cannot be represenfed is external red 
etraint, so the If, plate is designed to represent the woret possible  
condition i n  thnt  respect. 

"The second step i n  veldabi l i ty  evnluation i s  a decision ae 
t o  the desired ses~r ice  properties, how t o  t e s t  for them, ~ n d  the 
degree t o  which they are required. For ordinary structursl weld- 
ments we can s??~ thnt strength, toughness and soundness in base 
metd ~ n d  e.11 components of the rqeld~d joint fire the requirements. 
For P r m o r  weldments we say r e s i s t ~ n c a  t o  b s l l i s t i c  wenetra t ion ~ n d  
resistance to bal l l l s t i c  shock. 'Ve don't worry too much fibout re- 
sistance to  p e m t r e t i o n .  The nustenitic weld h s  shout f30 to a& 
b ~ l l i s t i c  l i m i t  o f  the basr metalI 'Some attempts h l t e  been made 
t o  use h,ma f s c ing  electrodes p s  Cnlonal  Roere mentioned, but ve 
h ~ + ~ r a  r e d l y  concentrated i n  th is  country almost entirely on shack 
reaist~noe. The established 1 a l ~ o r n t o r y  tests hmre not  been t o o  



successfully correlated w i t h  ballistic propr?rties, so uc s thrtcd 
an i n v e s t i g a t i o f l  a t  Wntortown about R :ror,x a half ~ o .  Since 
b a l l i s t i c  shock res is  tnnce ia ronlly totghness, we defined tough- 
ness as the a b i l i t y  t o  absorb onorgy bg b n l l i s t i c  doforrrution+ 
I t  is establ.ishod that toughnasa depend8 on the r e to  o f  loading, 
tho temperature, nt ths time of loading, znd t h o  constraint agninst 
d o f o r m t i o n .  )lajor Matthewst arrnor section md Dr. Zenor and Captb 
H n l l o m o c  h w e  worked on tha t  and astr,blished mthemr.tica1 Q ~ U ~ V ~ L -  

l e n t s  botwean mate of loading ~ n d  temparnture. It h7-s a l s o  been 
ost~ ,b l i shed  f o r  a long t i n u  t h a t  thcra i s  a q u l i t n t i v o  equivnlant 
betweon those two ,and t ha  c o n s t r ~ ~ i n t  against deformt ion .  

RWe can evaluato the toughnass of the weld m e t d  and of the 
unwolded base metal by notch bar tosting aver a suitable range of 
tenparatures, but a fracture t e a t  produces *he s m a  rosults oe a 
l ~ r g e  sczla. B r i t t l o  failure i~dicstos l i t t l e  a r  no plaetic d e f o ~  
na t ion  a~zd gives you a ch~racteris t f c crystal1 iae appahrrtnco o f  the 
fmcture, Thore are ~mny smll facets f ormad wfiich rsf lect  the 
light t o  produce this effect. On t h e  ~ ~ t h e r  hfind, a s t e c l  w i t h  a 
t ~ u g h  fracture, giving a high energy o f  the iirrpnct, has n fibrous 
fracturo. The metal is dafarned a t  the  frnctured eurf~cc  and doesn't 
r e f l e c t  tba l i g h t ,  We m y  sqy that there  a r e  four g; t?ner~ l  conditions 
nf t h e  s t e e l  which influence i t s  toqhaess:  first, ~ o u n t j  f o r m  and 
distribution of cs'rbf des; second, ix.?owlzt, f o r n  and distribution of 
ncn-netnllics; third, gra in  size e,r.d related effec ts ;  and fourth, 
aging c l ~ ~ r n c t e r i s  tics, which include tonper bri t  tlsness, and pro- 
c i p i t a t i o n  hardening. As far as welding goes, w~ are r-lmost on- 
tiraly confined t o  consideration of t h e  ffrsk t11n factore, the cnrc 
b l d e s  and the  nolz-netnllics, Wc u s o  t h i s  kcick break fracture t e s t  
across the weld J o i n t .  Whether the  fracture is c rys t a l l i ne  or fib- 
TOUS, it gives YOU an i n d i c n t i o n  n f  t'lo toughaess of the heat- 
a f f ec t ed  zone, the  unweldcd plnto, cncl the  wold i t s e l f ,  Ye know 
t h a t  i s  n size e f f e c t  thqt cones into tlzeae testa, th7.t is, on 
14/2" plnte with a, given ne t i~ l lu rg iml  structure which a ~ y  profluce 
brittle failures in a standard notch bar t e s t ,  it w i l l  also pro- 
duce b r i t t l e  failures in n heavy plate. In a light p l a t e  t o  get the 
same effec t  we hayre t o  go t o  a sub-zero temperature o r  a f a i r l y  rapid 
r c t e  of loading.  

"We examined 33 plates tk.t were tes ted  nt Abardeen, and 31 
th7.t were included in the  Canadinn cold test prqgr'u?, nad our pr in-  
c i p s l  ccnclusions are based on these two t e s t s  and n l i t t l e  micro- 
scope wrk .  !Je found transverse t e11siLe and hardness t e s t s  measured 
tha properties of  s, welded j o i n t  under s tatf c l oad ing  cnndit ions,  
and they d i d n ' t  give us ,.my co r r e l e t i on  wit11 Scz l l i s t ics  n r  my in- 
d i m t i o n  o f '  the path of f r ac t~we  und-er b a l l i s t i c  loading candit icns.  
?fit5 a certzin s t ee l  quonchod and tempored nnd also nnrrk-dized, nt 
identic,al ,hardness ,znd f r~m a t e n s i l e  test you c o u l d n ' t  tell tlie 
d i f ference,  With a Ch~rpy t e s t  at room wc3 get 49 foot pounde w i t h  
a f ib rous  fracture when t h e  steel is in the quench& and t e q e r e d  
condi t ian ,  and only 7 fnat ;i30unds'with a crys ta l l ine  fracture vhen 
the s t e e l  is in the h o r m l i z e d  condition, I fe l l ,  tbt is one con- 
d i t i o n  we run into in welded j o i n t s  in t h e  hcnt-~ffccted zone* 
yfith certain welding processes you put so nuch heat i n t o  t h e  p l ~ t o  



so t h ~ t  i t  c o o l s  ver j  slow2.y and prod.uces Rn esse~tially pearlitic. 
structure. hrith t ha t  condJition of  the heat-a.lfeqtefl anne your  bal- 
l i s t i c  fracture w i l l  tend: t c  procee-d through the hetat-affected zone 
a lmos t  any vrhera, depending upon the geometry a.nd loca%ioil of the 
loading. A second t ; q e  of fai lure,  and the- mas% inyor tant ,  is a 
fusion zone t:qe. !de found two c o n d i t i o n 8  to, vrhich we can at t r ibute 
most o f  the fusion zone failures. Tb.e f i r s t  one, for a t:ype of 
fracture vhich gives you a scale of tmld metal over the whole  frac- 
turod surface, shows the  rims of  the weld bead and, has a scale of 
weld metal 'of not  more than one t o  three thousandths o f  an inch over 
most o f  the fractizro, o f  austenitic weld metal. Xowever, t ha t  amom:t 
of weld mstal i s  mough t o  g e t  arrrfiy from most of  t he  metallographic 
~0nd i t i onR  of m~,?rtensi ta ,  or  d i lu t ion  effects from the plr. ts  metal. 
So t.he 5ailure is not En the austenite, T h t  tn,e o f  f a i lu re  we have 
found to be associated with a very f i n c  p rec ip i t an t  of non-metallic 
inclusions, parallel  to the fusion zone and otic t o  t ~ m  thous~~ndths  
of an inch from i t .  T h r t  i s  the  prodomin:%nt ty i3e of  bond- zone f ~ i l -  
ura, Thu second-ona is brought a%out 'oy a. carbide precZp1tan-t r ight  
at the bond, That gives POU nn entirely di f f i2 rpn t  tr32 o f  feilure. 
You hava n fine cryxtn l l ine  ~tppe;~,rance o n  ;he f rnctured surface. 7% 
foi-in& thnt in somo o f  the cold  tosts whsra ~ppaxen t ly  they hndnlt 
cont ro l l cd  tho  inner-pp-sa tmporat'ure :y,nc? l e t  i t  go up high znough 
in th is  rogion 1ht:re your car5ides precipi ta te .  

"Other t*es of fa i lu re  found in the90 inyestigntions * r  9ea : e a 
slack, q~ienchod cns t Errnor, which f ~ i l e d  i n  the ~ ~ i z f f  ected base 
matnl. That was n result of s o t  enough ,oJloy snd  n o t  severe enough 
quenches. " - h a  t h e r  type of  f a i lwe  !Itas right through t h e  aus tonite. 
It is n dendritic ktpe of  fracture thnt.is v ~ r i o u s l y  t i e d  up v i t h  
t h o  ssgregation due t o  thc austenitc baing off hnlmcb.  We hnve an 
etch that shatfvs t h c t  up i n  the micro-excmint~ti ion,  and whenever i t  
is excassivo you g e t  t h i s  v a v  br i t t l ,a  dendr i t i c  fa i lure  right 
through the ~ tus t an i t o ,  The last type of  defect  disclosed in these 
t e s t s  was duo t o  dlrw armor plate. Di rcc t iond .  praper t f  es mn stly 
apparant trhcrd thh armor wafi straight ;~wqv' r o l l e d  and excessively 
dirty,  it started ~ t t  t h a  wold rainforcoment and proceeded thrcugh' 
the unaffected plz ta ,  giving n woody type fracture. 'de took some 
Charpy bbnrs out of i t  t3nd trnnsvarse t o  t he  r o l l i n g  d i r e c t i o n .  The 
valua czt roon tomparntwe rJas down t o  20 foot pounas on the  C h e ~ j ~  V 
notch. I t  should ba nbout 45 f o o t  p o n d s  ~ . t  that snme herdnsss l eve l .  

"Some'fcrrbtic welds I s r e  includ-od in t he  sri.mples thnt rac iw 
vastigatod, I hnvo just briefed i t  down t h a t  thc th re?  p r in -  
cippl  c a ~ ~ s e s  o f  - t rouble  with f o r r i t i c  ~ l e c t r o d e s  are: Underbead 
cracking problem, which mj be eo lvud  by use of  modified e l a c t r o d a  
coatings, or a small amount of preher?.t; aecond, !$old rno t~J r  cr,:::cking, 
which wFth  'avsilmble f errit  i c  i?lectroden of the  XElC t y ~ o  requires 
200 t o  300: of preheat for 1-1/2" p a g e  nrmor plate--no prehsat for 
1J2" gawe plnte--; and three ,  shock p r o p a r t i o e  o f  sound well? motal, 
which is largely n matter of cz..rbj.d.c $ - i s t r ibu t fon .  We do knot{ e.t 
l e n s t  that sufficient a l l oy  is r c p i r u d  t o  give a mxrtecsit- ic t ype  
microstructure i n  tlie wald heating znd cool ing  c:rcje. The prasont 
NRC olectrode, \re have found, w i l l  not  a_uench ouf i:l 'weld pln tes  of 
greater- than 3/4It thickness. The C k t r p j r  values o f  a Unionmelt f e r r i  t i c  



welded j o in t :  A t  room temperature we have 13 f o o t  pounds; at zero 
we bzloe severn; nt m i m  40 we k v e  six, Thnt is .27 cnrbon, .92 
manganese, and 0.42 moly. A nlanully weldod Semit ic  with tha l W  
type electrodes gave us Charpy values of 30 t o  45 at  room tempera- 
ture; 12 at zero; and nine at minus 40, The apalpsis was ~ 1 3  c w  
ban, 1.50 mnganede, nnd .60 moly, 

"We ha8 a progrm on welding of *40 carbon R m r  plate with 
8740 type am-lyais alrpplied to ua by Republic, 1-1/2n gaugem The 
first two platsa that we welded we used a procedure which we re- 
garded at the  time as quite good; b y  doublo bevel, mall annoding 
beads with a 5/32 electrode.. &en they were f ired nt Aberdeea, 
howotter, they f a f l ~ d ,  showing exceseive ballia tic cracking in tho 
weld metal adjacont to  the weld metal bond. ';fe got them baak t o  
Vatertown and exmined them, r,nd we couldnlt see that the type of 
?ailure m a  associated wfth the baae mot& compmition, We started 
welding other platas, and wo found that the -30 carbon w ~ s  just as 
bnd as the .b mrboa when welded wfth the s m o  procedure. We had 
indicated that this  was associated wfth these non-metdlics, and 
we see those i n  prekctichlly every weld we look st, Rather than 
trying t o  cure that, we tried to avoid i t  by throwing the failure 
e i t h e ~  fnto tho plate or fnto the weld netal. If we canget fail- 
ure in to  e i ther  one of thee-and they aro tough-the failure won't 
proceed very far in the b&3.Za$ic H plate* Finally wo arrived at  
using vezy large, or comparatively large, 3/16 diameter electrodas 
f o r  the annealing be~lds. T , b t  helped a lot, but to be s a f e ,  wo gPound 
an extra little hovel for thon at the edge nf the groove which is a 
gree.t help t o  tho welder, a8 he can guide h i s  annenling bead along 
that second bevel. And with this  Q-pe of failure wa did throw it 
into the  weld metal. I t  gave very tough bend bar t e s t s  that showed 
a, great deal of deformation, We welded two addit i o n d  .b carbon 
plntes and one .25 cmboa with this procedure, and a l s o  a .25 carbon 
plate with the original procedure. Well, the three hide  with the 
improved now procodwe wore tested. at Aberdeen and took a total. of 
12 rounds, On no round was there moro than 3'' of crackfng, The 
.25 carbon plate welded with the o r i g i n a l  proceilura cracked 18 inches 
nn the f fmt  round. Incluned in t h i s  pragrm were two  ferritic 
welded plates with which a j O O  preheat w a s  used t n  avoid a weld 
metal cracking, but once the plates were welded they perfnmed very 
well at Aberdeen, &bout equivalent with the austenitic. One of 
them vas slightly 'better and the 0 thar one was wn rear 

''On examination of G e r m  armor weldments, Cnlonol bare 
has already t o l d  us a goad d a d  nbout them, ~ . n d  o u r  investigations 
bear out his canclusians in general, The first jo in t  we examined 
was fronsPZICW-3, It was made with an nrmnr nf .50 carban, .60 . 
manganese, 1.50 chrnme, ,20 vanadium, and .58 moly, They weldod 
this  thing wne a .18 carbon, -27 mhnganede, 1.23 chrome, 2.00 
nickel, .30 moly and .87 tugsten, They usod a mort ise  joint and 
they g a t  considerable cracking; d-uring welding, but apparently the 
martiaing gives thera.aarne ballistic stability.. We made EL rather 
complete examination of  Armor and weldments nn P-4, th,t is t h e i r  
medium tank, and on the heavy tank. The ATLIDT Section of the Labora- 
tory carried out  all of the =nor investigations and the f'leldiw 



Section carried out  examinations of the weld jointe. The medfwn 
tank ues made with cross r o l l e d  arnor o f  two genornl types. The 
thin plates, 1/2" gauge, were homo*geneous at et hardness o f  about 
450 B r i n e l l .  The type composition was 0.40 carbon, 0.80 manganesp, 
1.50 silicon, 1.25 chrome, no nickel  o r  moly. The heavy plates, 
which went up t o  2" in thickness, were mde with 0.40 carboa 0.40 
nlaaganese, 0.40 s i l i c o n ,  2.5 chrome and 0.25 noly. These platen 
were flnme hnrdenad, End we hrme FL f a c e  hardness of approxim~,tely 
600 B r i n e l l ,  and a core hardness of about 330 t o  370. I t  bras E 

very beautiful flnme hwdening job. !Phe a m o r  i n  gener-1 was o f  
n very good qudity ,  t o o .  

"Tha design of  t h e  p r i n e i p d  j o i n t s  1s chhrncteriaed by 
grooves machined i n  tho heavy armor aec t ion  t o  give f i t t e d  or mor- 
tised joints, which were in compression.on irrrp~ct from the  direc- 
tion o f  p r i n c i p a l  ballistic attaak. Fhase j o i n t s  a r e  held by 
outsido welds p l ~ c e d  in a, V, and h,vir-g n depth o f  penetrat ion of  
about three-quarters of the  thickness of t h e  light nrmor s e c t i o n ,  
and by ins ide  f i l l e t  welds w i t h  no prepcrr.tion an& having very 
s l i g h t  penstrntion, So, the n e t  result w ~ s  net  very deep pene- 
trntion of the  weld metal, n a t h i  ng, like our standards. The in- 
s ide  f i l l e t  w2lds and the  bo4y o f  t h e  outside welds 1.vere mde 
with nn electrode which gm-e ~ u s t e n i t i c  dcposits a n d y z i  ng about  
0.17 cRrbon, 1.10 manganese, 6,0 t o  9.0 nickel ,  17.0 to 16.0 chrome, 
end 0.50 t o  1.75 moly. The crown deposits on the outside welds were 
mode with F hard f a c i n g  t v e  e lpc t ro&e  which conlxined 0+75 carbon, 
4.5 nickel, a ~ p r o : r i ~ t e l s  2.0 t o  7 - 0  chrome, and 0.50 tungsten. 
b-nre-er, the  w e l d s  lrrhi~h were illtended t o  be hard f aced  actuzzll;y 
d i d  not have very high hp.rdness. &telaive 5 9 a e  m~ta l  cracks were 
?resent in t.he heavy base metal sections of t~qro comlete  weld 
J o i n t  snrrples, end fr,iluxe of three broken weld j o i n t  s ~ m p l e s  was 
en t i r e ly  through tbese bese metal cracks. A f o u r t h  broken weld 
j o i n t  s m l e  apneared t o  r e ~ r e s c n t  fin angle j o i n t  made by butting 
plate edges nnd. welding v i t h  too shallow a e n e t r n t i o n  a lec t rode ,  9, 

very poor type of weld. The heEvy tank used cross ro l l ed  homo- 
geneous armor of two type comnosi t ions .  The 1" hu l l  r o o f  p l ~ t s  
end t u r r e t  roof plate  cont3ined 0.50 carbon, 1.0 manganese, 1.0 
chrome ~ n d  O q 2  moly, plus 0.1 vanadium. The h~,rdnoss of that plate 
was about 363. ?he m,in plates, s ide  plrttes and front plates went 
up to 4" in thickness; had a hardness o f  a p p r o ~ i m ~ t e l y  320, with 
0.50 carbon, 0,6 nang~.nese, 2.5 chrome, 0.6 noly  a n d y s i s ~  The 
j o i n t  design was the same ns on the lighter tank;. Most of tho weld- 
ing was done with nn elect rode which gave R f a r r i t i c  deposit con- 
t c i n i n g  Epproximetely 0.17 chrone, 7,O mngp,nese, and 1.0 n i c k e l l  
f th ink they probebly intended t o  h~.ve an r s ~ s t ~ n i t i c  deposit  there ,  
but they didn' t, An elect rode which cnve nn p u s t e n i t i c  deposit 
containing npproxinataly 20.0 chrone, 4.5 n i c k e l ,  m d  3.0 mangsn- 
sse,  was used apparently indiscriminntely. Sometimes you find it 
i n  the r o o f ;  sometimes in the bo&; ~ , n d  quite o f t e n  in the crown, 

" The rough surfRce ~ p p  ecxance snd undercutting, 2s Colo nal 
Horre indicnted, shoved inexperience o r  cnrelessness on the  p ~ . r t  
of the  welders. All the weld8 were mede of  multiple o v e r l ~ p p i n g  
beads ~ n d  appeared t o  have been made on this firmor in the fim.1 heat 
t r e a t  cond i t ion  without preheeting. Vary extensive b ~ . s e  rnetfil cracks 



were present fn this t d ,  as in the other ohe, We h v e  the con- 
clusion here that this  axamination revealed an amazing l~ck of 
concern 'by brman fabribators and ia~pect ion facilities far base 
met& cracking, which you would a q e c t  in thf s high carbon plate, 
which auet have o~curred during welding and been present when the 
vehicles went out  of the shop, and which had a very apparent and 
universally recognized effect on the shock resistance nf the 
structure, The type of cracking that we find in these Germ armor 
weldmento is a hot crack, intergranular hot crack, in the baae metal. 
And we found t b t  with a comercia3 American electrode we h@ to 
go t o  3Wfr. prehect to  avoid ontirely this type o f  cracking." 

k j o r  at thews added: 
'1 think i t  might be well t o  summarize what Lieutenant brres 

has mid by etatfng that with the use of these two simple t e a t  bare 
here i t  i s  possible t o  narrow down your source o f  d i f i i c ~ J t y .  If, 
for aome instance, you decide that you w a n t  t o  chairge your weiding 
procedure fn some w a y  or another, you can weld up a small tes t  specl- 
men, some.lZ1' long;, a butt weld or what have you, with the armor you 
are going to usel and the electrode that you plan t o  use  in produc- 
t ion ,  and by performing these ~irnple t e s t a  you can pretty ?m&h chaPld 
qel  your deficiencies, if there are any, in the joint that you have 
mde ipto one of three di f f iou l t i e s ,  In othsr words, you can ~ I P  

mediately t e l l  whether y o u r  failure is In the haat-affetrted zone, 
that is, of the parent metal, or whethcr it IS at tho fusion Ifno, 
or whothe* it is t h o u  the weld motal; and y o u  will imodiately 
know a lot about w h a t  yqur possible soureee of diff iculty are. 

"or instance, if your failure is in the hat-affected zone, 
then, obviously you have a poor matallurgical structure in the bass 
metal. And that is usunlkv caused, if the armor was right when you 
started, by an ercessive heat input which caused the develop- 
ment of a poor etructure in the plate metal itsslf, t h ~ t  58, In the 
parent metal is the hmt-affected zone. And the same thing is tnto 
of your fusion zone failures. That is a l i t t l e  more complex dtary, 
but c artairily if you have a fusion zone failure, then, you know that 
your weld m e t a l  i s  a l l  right, perhaps. You are rather sure that 
your degosited weld met& has eatisfnctoxy propertiaa, and you cnn 
be pret* certain also that your base metal properties are eat ia-  
fsctory* And if y o u  get a failure through your weld metal, then, 
thero is not  much use of worrying about your plate metal or pos- 
aibly a l so  the technique tk+t you h V o  usod. 19 i s  thon a function 
of the analysis of tho deposited electrode and its resulting pro- 
perties, So I would j u s t  l ike t o  leavo that  with  you, thnt these 
t e a t s  do allow R r ~ t h e r  nice selection of the variables that axe 
involved, and thoir chanaeling i n t o  two or three types of C ~ F B L C -  

ter i s t i c  failuses which you w n  see very nPcoLy by performing theso 
 test^.^' 

Dr. h l l e r  asked: 
"what kind of n aetup do you use in cahnection with the bond 

t e s t ,  the small specioren'l" 



Lt. Herres Peplied: 
"We put this on a aouple of blocks, uefng a standard span 

of six inches. Ife place a 1/2" aquare bar acroas and parallel 
t o  the center of the  weld, and a, plate on top  of it t o  protect 
the machine, or the drop weight, and drop the weight. On 1-1/2" 
plate we,find we can make the test as slowly as we want to. Ap- 
parently this size effect which nobody has explained t o o  adequately 
has R great influence. On 112" plate we use an impact test, On the 
1-1/2" we use a slow bend t e s t ,  This is just a quantf tative t e s t  
that you can use in yaw own shops if you wbnt to incroase the 
severity by increasing the rwta of loading, or-decreasing the tom- 
perature. But for the ordinary types of nustenitic weld that we 
have found, in which f a i l u r e  is attributable to a large extent t o  
geometry or gross defects, it  doea give you a very nlce t e s t .  You 
can increase tho sever i ty  according to w b t  you want.'' 

Prof. Hess asked: 
"How do you bre& the eight by eight plate?" 

Lt. Herres replied: 
"We break all of those in a stem hamms~, using the same type 

of setup; a bar ncroas the middle of tho wold, a plate on top of 
that t o  protect  the hammer. And, then, wo use a 3,000 pound steam 
hammer which breaks them very easily in one blow." 

Major kt thews remarked: 
"we'd very much l i k e  to see somebody else do some work along 

these l i n e s  t o  confirm our contentions that they aro useful t e s t s .  
1 thfnk they can be developed by fabricators so that they can 
materially save them s l o t  of H plntos and the cost ,  material and 
man hours that a r e  entailed in preparing H platos. Any further 
discussion on this wholo business? If not, I am going t o  ask Mr. 
Warnor t o  tell US something about the  influence of w h a t  we have 
learned in armor welding on the future of wolding in, shall we shy, 
structural s toe l s  for various and sundry applicntions. " 

Mr. Warner cont inuod: 
"1 am goIng t o  t a k e  just n few minutes t o  show a few testa 

wa made a t  Watertown on a cornmoll comercietl grade of structural 
stee l .  It happened to b6 Yoloy, 0*12 carbon, 1.54 nickel,  and 
about 0.75 copper, with the usual mnngEneso and s i l icon ,  As r o l l e d  
it has a y ie ld  of about 54,000, R. tensilo of about 75,000, After 
l150°F. stress r e l i a f ,  that drops a littla to about 50,000 y le ld  
and about 70,000 tensile, Af t a r  n quanch f r o m  1600OF. ifi water, 
and a tcmper from 1150'F~ with tha air coal, it shows a y i e l d  
strongth of U0,OOO pounds per s q w e  inch and a tensile o f  about 
gO100O. Aftcr stress relieving at l1~o0F. ,  that y i e l d  of strength 
drops t o  about 75,000, wf th a tensile of about 85,000. 

"Now that particular materlal is only 3/16" thick,. and it is 
tr?o thin: therefore, t a  make a standard Charpy test, wa b a d  t o  
m&o a h d f  standard Charpy test.  This specimen i a  only  3/16" 
in width and tho usual ,394 in the  thickness. We t e s t  i t  in the 
usual manner for tho Charpy t e s t o  In the 'as rolled1 condition 
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tested st mom temperature a specimen like this of 3/16 Yolog. plate 
e v e  us 11 foo t  pounds. A t  70° below zero the same materiel gave 
us 3 f o o t  pounds. Wenchtng this materid from lb°F. and ten+ 
pering from 1150°F., at room temperature we obtained 15 foot pounds 
which i s  a l i t t l e  b i t  higher than the 'ae ro l led ' ,  you see. At 
70 below aaro it gave ue 14 foot pounds. 

"So, we were interested t o  see w h a t  you could do with thie 
sort o f  thing in the way of a 6-1 structure of such a size and 
shape that we could test the whole structure with an impact test. 
So we  bu i l t  some small beama. &ch beam was of the box girder 
type, with two Qeb plrtee each about 5" wide and 33" long, two 
flange plates each about 3" wide and 33" l ong ,  and a single pass 
f i l l e t  weld, about a 114'' fillet, on the outside only, at each of 
the f o u ~  cornera longitudinally, We s e t  this up on blocks about a 
31" span and dropped a 200 pound weight, ertrikir& it in the cen- 
ter, Ye had previously put EL square block in the canteP of the 
beam t o  again prevent B ~ i n e l l i n g  of the weight into the beam. Ye 
tested thase beams at roam temperature and a l so  at minus 9o0F. b e  
low zero. WeidSng this  baterial, now, whtch i s  a 0.12 carbon 
steel  'as rolled', with a c o m r c i d  6012 type of electrode and 
tasting a t  room temperatwo, we dropped a 200 pound weight I3 
f ee t  three times, All we could do 'was produce  us t s little bi t  
of deformation, or a l i t t l e  b i t  of bonding. That boam was bent 
81 ightly* 

"And J want to ghow you wbat happened to a similar beam when 
we tes ted  it at ~o'E*. below gem,  ~ n d  al'et, similar bems out of 
th is  sme.material quenched and tempered, In ow armor we are look- 
i n g  for  fully quenched and tempered materiu t o  g o t  maxhum tough- 
ness for the hardnesa leael t o  which we axe heat treating. For 
structural purposes we may not need a fully quenched and. tempered 
material. We be able t o  h i t  for aome intermediate value on 
our quench and temper and still have adequato toughness for the 
structural use to which we w a n t  t o  put the m t e ~ i a l r  Me don't 
know whdt that ie, where it may be. I am Just  pointing this out 
t o  show you what a big f i e l d  for research o r  development, w h a t -  
ever you w a n t  t o  call it,  liea ethead of  us if we are going t o  9- 
vestigate tMs subject fully, 3n order to refrigerate these beaas, 
all we did w a e  to put a block of  wood on one end--these are hollow 
beams--set it up on one epd and fill it full o f  acetone and dry 
ice and let it det for half an hour or so, We h d  thermocoqles 
stuck on the aide plate8 here on both sides t o  measure the tern- 
perature. Actually the temperature as measured by those themo- 
couples showed 101 degrees below zero. 

"Testing the been built of 'as rolled' 0.12 carbon Yoloy, 
welded with S6012 electrode, at minus 90 below zero, the beam 
fractured completely with one blow. And those beams brake so 
quickly and so readily that the striking of the bottom edge of 
the fracture hare on the base plate of the machine marred the 
edge pretty badly 80 that i t  is difficult t o  examine the fracture 
of that lower fiaage plate .  This flange plate snapped l i k e  a 
piaee of glass, and so did the web plater-one blow o f  the weight. 

"The same type o f  beam welded with S60l.2 eleratrade, but the 



p l a t e  material now being in t h e  f u l l y  quenched and tempered con- 
dit ion,  after two  blows of the same 20Gpound weight at minus QO 
below zero showed only slight bending withoqt f ractur ing.  I just 
m n t  t o  show you *?hat cRn be done with p, very rendel7 v e l h b l e  g a r  
den variety nf s t r u c t u r ~ l  s tee l  by a quench and temper, lTow, if 
the structure which'we are  t o  build. i s  t o  be stress relieved after 
welding, we must l i m i t  t h e  draw temperatwe, o r  the tempering tem- 
perature, t o  such R temperature tk.t we can safely stress rel ieve 
it af ter  melding. In other words, If we are going t o  stress re- 
l i eve  at 115Q°F,, it 1s foolish to draw it at R lower temperature 
than 115PF. If we are n a t  going t o  stress relieve, then, we can 
produce a higher y i e l d  strength by firawing at lr)OOOP. or 1050PF., 
or something of  that  s o r t ,  but t h a ~ e  beams are of p l ~ t e  all tem- 
pered at a temper~ture of l150°F. 

"Here you &an see  a erwk had started i n  t h e  weld meteil, Low 
carbon weld metal is pretw b r i t t l e  a t  minus 90 below zero. This 
crack was apparent a f t e r  the f i r s t  blow, but its p r o g r e s s i o n  af 
its t r ave l  into the quenched and tempered b a s e  material wss unnp- 
preciable on t h e  second blow. I don ' t  know how w.ny times we would 
have had t o  w a l l o p  this t o  actually mke the  crack go clear across 
t he  beam. 

"And J might sw Orrln~nce deeigners, I th ink,  are t;r.lking o f  ' 

yield strengths of 150,000 pounds per  square inch f o r  gun mounts, 
and tk t  may bring on some more i n t e r e s t i n g  p o s s i b i l i t i e s  as far  
as welding s t ee l  structures is concerned. I am sure thnt atruc- 
t u r d  engineers who have to build steel structures o u t  o f  cornmerci~l 
low ca rbon  steels which h ~ v e  t o  s t m d  vibration, impact and low tem- 
peratures, and so f o r t h ,  might possibly be interested in this con- 
cent of structural  rmteri~,I..~' 

Mr. welater  added: 
"I just had one of our a r t i l l e ry  people ~lpprdach me tho other  

day i n  r e g ~ r d  t o  t h i s  development o f  this, sny, 150,000 stock ths t  
they m.re worried about in l i g h t e n i n g  the structures of f i e l d  c a p  
riages. Apnarantly, as far ns s t r eng th  is concerned, ~ n d  the  welded 
j o i n t s ,  wi th  t h e  Droner mr?teria,l mroaerly rePie.rred they shouldn't 
e-werience pqv t roubl .~ .  Of course,  t he  o t h e r  th ing in the  design 
was t h e  m t t e r  of ge t t i ng  enough rigid.i ty t~r i th  the l i ~ h t e n a d  mat- 
e r i ~ l ,  ~ ~ n d  t h ~ t  WAS something I vent  over with them several months 
WO. I bel ieve  they have ~ ~ b o a t  satisf~ctorily solved t h ~ t  problem.'r 

Mr. Warner con t inued :  
"We have to  bear i n  mind that  about the  mximum yield s t re rg th  

we can get  out of rpreld mete1 st the p r e s e n t  time, as fEr as I know, 
1s obtained with electrodes of this lnG2.A t,rpe ~ n d  other  e lect rodes  
similar t o  t ha t ,  of  t he  order of 90,000 t o  100,000 pounds per square 
inch; tensile running 110,000 t o  lE5,000, ITOW, if ne a r e  using a 
base material of 150,COO pounds per  square inc?, unless the design 
is such that the  weld is not the l i m i t i n g  fea ture  i n  t h ~ t  design, 
we cant t make use of 150,000 pounds per squnre  inch. So the  dasign 
~ n d  welding nust go together o n  th is ."  



0 Gjor h t t h e w ~ r  added: 
"There is another item tha t  I would l i k e  t o  clarify here, 

and that i s  that i n  making weldments for gum carriages, end BO 
forth, we W e  t o  worry about dirnenaional s te~bi l i ty  in certain 
casee, fo r  instance, top carrZages and things of that eort.  Un- 
der those  condition^, of  course, a stress relieving treatment is 
required, and to properly relieve the stress i n  a reasonable time, 
we need a temperature in tho neighborhood of 1100°F4 So, that 
doos l i m i t  tho yield strength that we can obtain, also, even ils 
the quenched and tempered material, t o  a certain oxtent. I t  cer- 
tainly does with the type of electrodes that are presently avail- 
able t o  us. &I we have two problems there. There are certain 
members o f  waldments, Ordnance woldments, like trails and things 
o f  that sort ,  wherein dimensiond atabi l i ty  is not of great in- 
portanco and where we could go t o  tho higher y i e l d  strengths, up 
in the neighborhood of 120,000, 1b,000 pounds per aquare inch, 
Some weldmanta cannot be made o f  thoee high yfeld otI'eagth mat- 
erials at the present time if  considerable machining is involved 
~ 4 d  dimensional stabi l i ty  must be considered. 

"I think you can see tkqt there fs a whale of a need for elec- 
trode development hare; thest is, wo need tm alectrode of tho type 
of the nG2A variety which does n o t  give us bass metal cracking 
in welding of krdenable steels. In other words, we are limited, 
now, in the maximum yield strengths that we can at ta in  with a stress 
relieving treatment, wo w i l l  say, t o  8 rather low carbon steel, 
becaueo of the type o f  electrodes which m e  presently being used, 
If wo could avoid base metal cracking, then, we could go t o  higher 
carbon contents and could retain 120,000 yield after  a auitnblo 
stress relieving treatment. So, tho problem is rather complcx. 
There are many factors involved, I think the matter of electrode 
I s  one of the major deficiencies nt the prosont time, for that very 
reason. 

"The o n l y  p a i n t  I was trying to  make is that the me of present 
type electrodes l i m i t s  the carbon content thnt we can u a e  i n  the 
base metal to R rather l o w  figure, -We feel that we can go up to 
0.15 carbon without any trouble; beyond that, wo nay got base metal 
cracking. 1 think you can see that the Ordnance. Department is ~ I P  
terested in this problem, I think i t  pPeeageg a field for steels 
that- must come i n t o  the picture if stee ls  are t o  compete with some 
of the l i g h t e r  alloys. 

"The Yfatertown Arsenal Laboratory haa a very hot pro j c c t  right 
now to work out materials and heat treatments and welding procedures 
which can be applied for high strength kfeldments, and with tho ob- 
vioua i n t en t i on  of making ~rp somo dcsigne for gun carriages in 
which eonsidarablo welght saving can be effected by the use of higher 
y i e l d  strength a t e r i a l a .  Of course, i t  is B big design problem, 
tco, This quastion o f  rigidity, and so for th ,  i s  involved. 1 would 
Like t o  report that in the case of armor plate we have been worktng 
right along t o  effect  improvements in S t  and I would l i k e  t o  hark 
back t o  enmething that Lf eutenant Herres said about some armor plebfe 
which was mads a l o n g  time ago, I believe. We don' t see much of that 
type of  armor any npre. In othag words, we have inproved the q d -  
ity of mmor very rmklterially by introducing t o e t s ,  other than 



ballistic testa, by which we can evaluate the eesentiala of armor 
plate* 

"We feel that armor can be resolved into three problems: 
Resistance t o  penetration, resistance t o  spalling, and resistance 
t o  b r i t t l e  failure, and we know how to  test for those three charac- 
ter is t ics  without shooting at them, 'hat is the trend, towards 
lesser mounts of b a l l i s t i c  testing, and the control o f  the quality 
of the materid by these other laboratom tests or, rather, shop 
tes ts ,  which can be performed in the plant, For various reasons 
that is desirable. Now, in connection with armor work, we find that 
one o f  our big bugaboos at the present time iir tomper brittleness. 
I t  i s  a subject that haen' t been given t o o  much attention by h e r i -  
can metallurgfste u n f a r t ~ t e l y .  O u r  British friends hnve done 
p r a c t i c a l y  d l  the good work, and most of the work that they did 
was during and f a l l ~ w i n g  the last war. The oaly work an temp~r 
brittleness that hag been done efnce then hao been done by 'the 
Rus s ians,  Germans, and Japanese. 

"We, however, at W~tertown are vary actively pursuing the sub- 
j e c t  now, and I think we have arrived at the point where we know all 
about i t s  effects, but we s t i l l  dont t know w h a t  is  causing it. we 
can t e l l  you just what the effect of temper brit$laneae is, w h a t  
the effect of a l l o y  content is on its develapmenl, and the whole 
subject i s  perfectly familiar t o  us. Ws b.ve narrowed the field 
down and we me pretty certain it is not a carbide. We are p e t *  
certain it is not a phosphide. We are pretty certain t h t  it  is 
only one of two possibilities, either a nitride or an oxide. well, 
If i t  turns out  to be an oxide, there ig no t  t o o  much we can do 
about it, unfortunately. If it turns aut t o  be a nitride, there is 
not too  much we can do about it either, although there are some 
p o a s f b i l i t i e s  there;  but that whole thing is pretty well b u t t o w  
haled now, and we w i l l  have a repor t  out short ly which w i l l  in a 
condensed mannor ovaluste everything that i s  known about temper 
brf t t leness .  We find thnt a great majority o f  the data on the sub- 
ject is not usable. 

"For instance, a t e a t  f o r  temper brittleness susceptibility, 
a classic t e s t  that was developed by Ereavee and Jones during tho 
last war, i s  not truly valid.  T h a t  is, it w i l l  show you for prac- 
tical pwposes whether the embrittlement h a  caused poor properties 
or not, but it will not tell you whether or not s precipitat ion or 
transformation haa taken place, which is really w h a t  we need to 
know to attack the fundamentals of thfo problem. So, practically 
a l l  the data that is available on temper brittleness te l l s  you w h a t  
the ef fect  is on properties and llbt w h a t  -has been happening as a 
function of al loy  content ,  and so forth. The recent work which we 
have done indicates that the susceptibility t o  temper brittleness 
increases aJrnost linearly with hardembility* That is not saying 
that hardenability muses tonper brittleness.  It is just by chance 
that they happen t o  go along parallel. So, the problem of temper 
britt leness  becomee much more serious in few and f i v p i n c h  thick: 
sections than it does in half-inch or one-inch sections. We can 
aEay now that temper brittleness is limiting us o n  w h a t  we can do 
with a;rmor:.glhte in certain thicknesses ~ n d  certain grades of stee l .  
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The whole subject is bding pursued rn ther  ~ c t i ~ o l y .  It 

Tlith reference t o  the next meeti~g of the Subcommittee, Major &tthews re- 
marked: 

"!fe ?,t I h t e r t own ,  in conjunction with the  psople in Wash- 
i ng ton  and O.C.0.-Detroit, have p r e t t y  much dccided t h r t  we shR1l 
not  schedule meetings of t h i s  Cannittee in t h e  future, thst is, 
def i n i t  o ly  schedule then f crr a certnf n month or wb9t have you. 
f n s t o ~ d ,  wo p l ~ a  to keep the Committee orgnniznt ion  intact and 
call  I t  when the necessity arises. You will con t inuo  to recelve 
i n f o r m t i o n  thn,t we think will i n t e r o s t  n.nd bo of  vnlue t o  you* 
And fire hops tha t  you will co~tinue to send $0 us n.ny suggestions 
t h n t  you heve for  resocxch projecte, for needs f o r  gntherfngs of 
the individual groups of the Cornittoe, or for thc  committee as 2, 
whole. In other words, if the Chief's of f i ce  in Detroit decides 
thc t  another meeting is necessary six months hence, it w i l l  ba 
held, and t h e  people w i l l  fittend who cnn ~,nd,who Etre interested 
in the th ings  thnt w i l l  be discussed. So, tht Is the procedure 
henceforth. You will be not i f ied  if  and when meetings ~ x o  ached- 
ulod in plenty o f  time BO t h ~ t  you can make arr~.ngemonts, as we 
have been doing in tho pr,st. - 

"I would  l i k e  t o  hehr ~ ? n y  discussions on tha t  subject t h a t  
anybody mieht bye. We m e  t ry ing  t n  servo the nrmar welding 
industry here. Thnt b . s  been the purpose of the Committee, t o  
provide e means for intorchnngs of information nnd the discussion 
o f  new doveloarnents. We cert~*inly ~pnreciate the co-nperntinn 
t h a t  we h r e  had from everybndy, 1 am sure the Ordwnce Depnrt- 
msnt as R whole doen ~ 1 s o . l ~  

The meeting adjourned at 2:$ P.M. 

Thi6 meeting ngrked the cnnclusion of the active work o f '  t h e  Subcommittee 
as an orgznized body. M~ny of the members fittending thie meetin& were from 
orgn.ni,zatione no longer engazed i n  the problem of t~elfiing armor,  a l t h o w h  
the individuals thsmselves were i n t e r e s t a d  i n  the l a t e s t  developments in thnt 
f i e l d .  This was apparent by tho ~ t t e n t i o n  given t o  the tliacuseion bf the 
netnllurgical aspects of armor welding during the meeting, No fur ther  meet- 
ings  o f  this Subcommittee were scheduled. 
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APFEmIX A 
Part I-R 

Arrangement of Meetings 

The first meeting of the  Subcommittee, held at Vatertown Arsenal, 
19 qecember 1940, was arranged by i n v i t a t i o n  as out l ined by l e t ter  of 
B. V. Case, Brigadier General, Commanding Of f i ce r ,  T,;ratertown A ~ s e m l ,  6 
geeember 1940, t o  Chief of Ordnance, ?Vashington, D, C, (Inclosure 1). 
Letters sen t  t o  industrial companies selected are ghown by Inclosure 2, 
l e t t e r s  t o  lervice Agencieer in Inclosure. 3, and letters t o  members of 
the Ferrous Metallurgical. Advisory Board bg Inclosure 4. Attendance at 
this meeting wae by i m i t a t i o n .  The l i a t  of persons at tending i s  given 
by Appendix C and Agenda by Appendix B, 

The second meeting of the Subcommit tee, held at  Aberdeen Proving 
hound, 21 January 1941, wae also attended b'y i n v i t a t i o n  a e  per Inclosure 
5. At this meeting a preliminary draft af a s p e c i f i c a t i o n  f o r  welding 
armor was discussed as indicated by tha t  inclosure, 

The thf rd meeting was arranged through the courtesy of  i*. Ear le  C I  
Smith, Republic Steel Corparatiop, t o  be held at H o t e l  Cleveland, Cleve  
land, Ohio, as indicated by Inclosure 6 .  Stenotyaic se rv ice  was provided 
by Mf, Smith. ?Jotices of this meeting ware sent t o  i nd iv idu~ , l s  (Inclosure 
7 )  who attended the ppevious meeting at Aberdeen Proving Ground and to 
interested Ordnance orgnni za t ions  (Inclosure 8 1 ,  

The fourth meeting was arranged through the  c o u r t e s y  of the  Pittsburgh 
Ordnance District and the Carnegie-Illinois S t e e l  Corp.  (Inclosures 9 ,  10, 
and 11). fi epeci f l  invitation we8 extended t o  the Chief of t h e  P i t t s b ~ g h  
Ordnmce District (Inc10eur.e 12), Fotices  of this meeting were sent  t o  
members of  the  Red881ch Program Group, which lmd been orgnnized since t h e  
nrasvfiauls Subcomrnittae m e t i n g ,  p.s i nd i c~ , t ed  by Inclosllre 13. Notices t o  
other persans not members, of t h i s  Group cnrr ied no reference t o  the Group 
meeting. Service aqenc ie~  were advised of the meeting as p e r  Inclosure 14. 

Attendance .~,t a meeting t o  organize n, Subcommittee on Re~~ i s tance  Veld- 
 in^ orne inv i ted  from se lec ted  inclustrlal compn.nies (Inclosure 15) end irr- 
terasted. ~ e r n i d e  egencies ( I , n c ~ o s u r e  16) i?lerly in August 2 ~ h 1 ,  d second com- 
m u n i c ~ t i o n  (Inclasure 17) t r~ns rn i t t ed  the Agendn (Anpndix  B) s.nd a reply 
form f o r  this meeting* 

In connection v i th  En industrial survey of methods being usad t o  weld 
armor, which wna being conducted by N,D.R. C, in l e t e  19h, . l e t t e r s  of ex- 
 lan nation and i n t r o d u c t i o n  ( Inclosure 18) were sent t o  o l l  fndus t r i p - l  mew 
bers of  the  QUb~ommittee p.nd Service ~gencies involved t o  f~ciliteta the task 
of the o f f i  cia1 investigators, 

As c result of cwction t~ken by the meeting of the Subcommittea on Re- 
sist~nce *.(elding, 27 August 1941, an i n v i t e t i o n  t o  membership ( ~ n c l o ~ u r e  19) 
was extended t o  the Resistance YJelder Ebnufacturers ' ?rssaci~ , t ion+ 



Subject: Subcommittee for Welding of krmor 

To: Chief of Ordnance, U, SbAm 
\aehington, D. C. 

At tn :  Tndus trf al Division - Engineerirg Division 

1, The problems and activities on weld$% of armor, rol led and 
c a s t ,  have become so important that it appears desimble to create a 
small subcommittea t o  advise and assist in the research and development 
in t h i s  f i e l d ,  In l i n e  with the recommendntions of the ktallurgical 
Advisory Board, as reported in letter t o  the Chief of Ordnance datod 
July 19, lqb, it is proposed t o  call a prellmin~ry meeting of EL group 
f o r  organization of such a subcommlttea at Watertown ArsenaJ on December 
19. 1940. Thoso who have been invited t o  attend are as follows: 

A, 0. Smith Corparation 
American C a r  8: Fouadry Conrpnlay 
York Safe & Lock Company 
Bddwin Locom tive Comp~ay  
Zlectromtive Corporation 
Diebold Shfe & hck Campany 

Rollod Armor W u f a c  t u r e ?  

Hcnry Disston & Sons, Inc, 
Bepubl ic Stael Corporation 
Carnagio-Illinois Stoel Corporation' 

Cns t Armor 1hnuf ac tur crs 

American Steel Foundries 
G o n a r d  S t  eel Castings Corporation 
Lebanon Steel Foundries 
Cont inenta l  Roll Steel Fomdry Compaw 

ELoc trade Ibnufac turcrs 

Motal &I Thermit Coqany 
Harnischf cger Corporation 
Arcos Corpor~tion 

Service Represertativas 

Office, Chief of Ordnance 



8-ervfce Representatives (cant.) 

Rock Island Arsenal 
Abe'rdeen Provine Ground 
Watertown 4rse-1 
U. S. Navy - Bureau of Ships 

2. It is requested that the  Office, Chfef of Ordnance, take the 
necessary s t e p s  t o  extend an i nv i t a t i an  t o  &t. Snyder, U. S. k, Bureau 
of Shipe, t o  a t t ~ n d  the coming meeting. Inform~tion would also bo ap- 
preciated, at 2s early a date as prscticable, ns t o  tho rapresantatives 
who w i l l  attend f rom the Offica, Chief of Ordnance. 

3 .  The Agonaum, in triplieats, i a  attached. 

R* W e  CASE 
Brigadier Gonord ,  U. A r v  
President, Ferrous Metdlurgf en1 

Advisory Board 

1 Incl. in t r ip.  
Agendvm 

( Inclosure 1) 



A, 0, Smith C b r p o r ~ t i o n  
Milwaukee 
W f  s eonein 

Gentlemen l 

The problem8 and activities on welding of armor, rol led and 
cast, hevc become so importp-nt that  it appears desirnble t o  create a 
small ~ubcammitt~e to assist in tho rosoarch m d  development in this 
field. As approved by tho Chief of Ordnimce, this subcommittee would  
function under the Ordnnnco Department Motjllurgicd Advisory h a r d  and 
would meet from time t o  tine nt  Watertown Arseml or o thor  suitable place 
t o  discuss such matters as would nar-ly come within i t s  cognizance. 

It is plannod t o  hold p, pro l imibxy  mooting of th is  gr'oup at 
;W&tertown Arsenal on December kg, l g b .  You PXO invited t o  send a r e p  
resentative t o  this meeting. It is understood that euch attondctaca w i l l  
bo without expense t o  the go?Omm~Iit* It is requeeted that you advise 
us as early as practicable the ropresentetive, if any, who w i l l  attend. 

A copy of the kendum f s attached. Your c08~eration in thi$ mattor 
ik approciat ed. 

Very truly yours, 

Ilr FI* CASE 
Brigadier Genepal, U, S, A m y  
President, Fetrol;ls Mstallurgicd 

Adviso ry Board, 



a q g m m  

December 6, 1940 

Subject: Subcomi ttee 'for Welding of drillor 

To: Coamanding General 
Iiberdeen Proving Ground 
k r y l d  

. 
1. Reference ie mde to L e t t e r  T!, A, 334/alg dated Noveriber 

26. 1940, Subject: Formtion of Suboonnittce Pbr Welding of Armor. 
It is pl'opoaed to hold n meeting at Wntertown Araend an I)ocombor 19, 
1940 for  tho purpose of argaaizing a S ~ b ~ o m I i t ' c ~ @  POF Welding of A z c  
nor, A copy of the Agen&m f o r  the meeting is attache& 

2 ,  It is 'believed highly desirable thr,t a reprrssontative be 
deoignated for t h i s  aubcomittee f rom Aberaecr, Proving Ground, 'It is 
requested that this  representative, if practicab'le, attend the pre- 
liminary meeting. Advanco infarnat ion as t o  tho nane of t h i s  rapresent- 
ative woGld be appreciated. 

R e  W. CASE 
Brigadier General, U* S*  Arm 

President, Ferrous Metallurgical 
Advisory Board 

1 Incl. 
kendurn 



Carnegie-Illinois Steal Corporation 
krnagie Building 
Pittsburgh, Sennsy lvani~  

A t t e n t  ion: Cole G. Elkina Xmble, Member Farrow Metallurgical 
Advisory Board 

T t  is proposed. t o  hold n prolfmlnary meeting of the  Sub- 
ponnlt tee for fvalding of Armor at Watertown Arscnd on Decenber 19, 
1940. In this connection reference Pa m d e  t o  your l e t t o r  o f  Nov- 
omher 16, 1950 in which you indictxted tb.t the formation of such a 
c o m i t t c o  mot with your approval. 

I t  is rcquestoa thR& you advise m, as early as prac- 
ticable, tho roprosontatfve f rom 'pua  iTPm who w i l l  attend this 
met ing ,  It i a  urderstoad t h t  such a ~ t ~ n c e . w f l 1  be without ex- 
ponse t o  t h e  govorment. 

A copy of the Agendum is attwhad.  Your interest in th i s  
m ~ ~ t  t o r  is apprecicted. 

Very t r u l y  your a, 

X. tr* CASE 
Brigadier General, U. S. Arw 

Presideat, Ferrous Metpllurgical 
Advisory Bnard 



January 15, 1941 

Mr. W. E ,  Crawford 
A, 0. Smith Corporation 
Milwaukee, Wisconsin 

Dear Mr. Crawford: 

An wendurn f o r  t h e  comirg nectfng of the Subcomnitteo f o r  
Welding of Armor, to be held ~t Aberdeen Proving Grnund on Jmunry 21, 
is attached. I t  is  t o  be noted that tho nesting is scheduled to legin 
at 10:OO A.M. It is not  anticipated thnt a l l  of the tr~pica included 
in the appendix t o  tho agandun w i l l  be covered in d o t n i l .  This ap- 
pendix was added in an e f f o r t  t o  outl ine E general program fnr ~ s a o ~ x c h  
and &aveloprilent work+ It is requested that i t  be considered in thst 
light.. 

There is also attached a copy of a proposed d r a f t  of a specf- 
f icatioa for welding of armor (~XSc497 1, prepared in acc~rdance with the 
suggea t i o n s  m d c  at t h o  recent meeting o f  the subcomi t t e e  at l?~t.artown 
Arsenal. Please note that this specification i s  in draft form o n l y  and 
that certain proposed changes have been ~ i t t e h  in pencil on the draft. 
f n  view of the fact t k t  it is in draft f o r m  only, it is requested i;ht 
you bring the copy herewith to the meeting in order that i t  nzqv be ~ e -  
tnrhsd t o  w af te r  the nscessnry changes -have been made as m y  be 
suggested, As a review of this specification is oaa nf the main topics 
for discussion at the caning neeting, it is requested thnt, if practicable, 
you review I t  in advance in nrder that your views m y  be fully obtsinod 
at that tine. Another topic f o r  rliscussion is the attached $at& sheet. 

The fallowing infnrmation is submitted with tho thought that i t  
may be of aasistetnce t o  yo'h in your v i s i t  t o  tho Prnving Ground in case 
you h v e  no%. previously v i s i t e d  thnt plncs. As s t a t e d  above, the meatiw 
is schedhled t o  a t a r t  at 10:OO A. M. kvarnment trmspclrtatinn w i l l  meat 
trains at Aberdeen t o  bring visitors t o  the Prrviqr Ground between g A.M, 
and 10 A.M. (The Proving Grnund is ~1proximtely f i ve  miles from the  
Aberdeen s t a t i o n ) .  In th is  connection it is mfleratn9d t h a t  there is n. 
t r a i n  leaving Philadelphia at 8:45 A.M. (Broad St. s t a t t o n ) ,  knnwn as 
No. 403, whlch it is believed w i l l  stop at Aberdeen if requested at the 
ticket office* This t r a i n  arrives at Aberdoen at rzpprnxfnately 9:45 A.M. 
The meeting will be held on t h e  socnnd floor of the Administration 
Building. In order t o  save tine, passes are baing arranged in advance 
so that Subcommittoo membera, upon arrival at the Infornation Desk of 
this building, can obtain the pass promptly upon identificatlnn, It is 
undorstoad that an oxhibit nf welded material w i l l  be held f r o m  12:30 
t o  1 P.M. bunch w i l l  be serv~d between 1 and 2 P.M. at the Officers1 
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Club at a nominal charge. It i s  planned t o  clnse tho meeting at or 
before 4 P.M., and transportation- w i l l  be available t o  tRks Subcommittee 
nenbera t o  the railww stat ion.  

If you have nn t ctlready done so, please let ns know by 
later than Monday noon, Janwry 20, whether or not you w i l l  attend and 
the nutdber that w i l l  be in your party. 

Yours very trulyr 

S, B. Ritchie 
Lto Col., Ordnance Dept. 
Chair-, Sub comi t t e e  f o r  
Welding n f  Armor 

Encla. 
Agendum 
Spec, S S 4 9 7  (draft) 
Datn Sheot 



June 14, 1941 

A . B R  M A I L  

Mr. Earle C, Smith 
Member, Subcommittee f o r  

Welding o f  Armor 
Chief Me tallurgis t 
Republic Steel Corporation 
Republic Building 
Cleveland, Ohlo 

Dear M r .  Smith: 

There is enclosed a carbon copy of a letter t o  the Hotel 
Cleveland confirming the date of June 20, 1941 for a meetfng of the 
Subcommittee for Welding of Armor. Attached also are two copies of 
the Agenda prepared for the meeting. 

As you know, i t  ,has heen customazy t o  make a record o f  the 
minutea and for thfs purpose we have in the past used e i the r  a stona- 
type operator o r  a stenographer. If it would  be practicable and con- 
venient for you t o  provide suitable clerical  help t a  take down the 
notes f a r  us, later t o  be transcribed and submitted t o  us, we can 
prepare EL record of the meeting from them, If it is not convenient 
for you t o  do this, please advise by wire  and wo shal l  attompO t o  
arrange f o r  a stenotype aporator f r o m  here. 

We w i l l  advise you and also tho  Hote l  Cleveland rcs goon as 
possible  as t o  f i  more oxtzct number of parsons cxpoctod to attand. 

Your  co-oporation in arranging f o r  t h f s  meeting is vow 
helpful aqU vcry much approci~~ted. 

For the  President o f  tho  Bo~xd:  

Vory truly yours, 

Enca 
cc. lat ter  Hote l  Clovsland 
2 copies Agenda 

S. B .  Ritchie 
Lt .  Col., Ordnflnco n3pt- . 
Chairmm, Subcommit toe for 
Welding of Armor 



June 12, 1941 

Mr. A. J. w m o  
Member, Subcommittee for Welding of Armor 
Bnldwin Locomo t ive C o m p ~ a y  
Eddyatone, P e n n s y l v m i ~ ~  

Dear Mr. b y n o  : 

'Phe date for tho next meeting of the Subcommittee for 
the Wolding of Armor hns been selected as Pridny, June 20, 1941. 
the  meoting to be held at the Hotel Clavolnnd, flevelmd, Ohio. 
A copy of the wendun for this moeting i s  attliched.- 

It f s  requested t k t  this off ice  be advieed rta soon a8 
possible RB t o  the names of thoso f r o m  y o u  cornpay who w i l l  sttond 
the meeting in ordar thht the necessary arrangemehts for the meeting 
may be completed. 

In axaor to maintain t h e  sizo of the  group within reason- 
able l i m i t s  f o r  effective conduct of the meeting it is euggoetod that 
attendance be limited t o  t w o  reprosentativos f r o m  each company. 

For the President of tho Board: 

Very truly yours, 

Si B. Ritchfe 
Lt. Col., Ord- D ~ p t a  
Chai~iann,: Subcommit tee ,for 

!belding of Armor 

Incl. 
Agendum 

(Inclosure 7) 



June 12, 1941 

Subject: Meoting of Subcommittee for the  Welding of Armor 

To: , Executive Off f cer 
Detroit Ordnapce District 

' , lg32 National ' Bank BlQ. 
' .Detroit, Michigan 

1 Attachad are two copiee of the agendum prepared for the 
meeting of the Subcomnlttee f o r  the Welding of Armdr scheduled t o  
be held at tho Hotol Cleveland, Cleveland, Ohio on June 20, 1941. 

, , 

2, R e p l y  i a  requested by teletype as t o  those who w i l l  attend 
fram your district. In the i n t e r e s t  of maintaining the group as 
smll as possiblo  f o r  efficient conduct of the meeting i t  is desirable 
tht n o t  more than two rqresentatives attend fram each district .  

3. Additional topics  for discussion at this  meeting should ba 
forwarded t o  this arsenal  as soon as possible. 

For the President of the Board: 

S, B, Ritchfe 
-Lt. Col.? Ord. Dept. 
Chairman, Subcomi tteo for 

Welding of hrmor 
1 Incl, 
Agenda in dup. 



L t .  Col. S. L. Guion 
Executive Officer 
Pittsburgh Orchmce Diatrict 
1202 Chanber o f  Com.~arco Bldg. 
Pi ttsbyrgh, Pennsylvania 

Dew Guion: 

A t  tho mooting of the Subcami.tteo f a r  IVeldEng o f 7  Armor 
held in Cllovoland Juno 20 tho mttor, a$ usual, as t o  t he  plncb for 
tho next meeting came up. It was tho f o e l i x  of the group, I believo, 
t h ~ t  it would be ,pre?orabls t o  hold' tho noxt meeting in Pittsburgh. 
As I reeall,  Pajor Swauger indicated that ha thought arrangenenta 
? o d d  be mndo for a meeting place i n  ~fttsbur&, and I aes~med t h t  
i t  wrluld probably be in or near your r~ff l iaob 

Noranl ly  we have a b u t  th i r ty-f ivo tn fifty pebple in 
~ttendnnco at these meetings, Plms nro now baiw made fnr tho next 
n e a t i n g  nnd I am wondoring how you ara s i tua ted  for suitfib19 space 
f n r  us. It w i l l  prqbably bo sevsral weeks before tho meeting ec- 
t w l l y  t,nkes placel I think Ehjor &mugor h,a. snmsthing def in i te ly  
in niad n i t h  respect t o  tho mooting plncs &nd tha arrangomonts t h t  
might be made. Perhnps you have a conf eronca roan  which you main- 
t n i n  for such purposes. 

Ynur  good reaction on this proposi t ion ,  at an early data, 
would be ,-tppreci~.ted. 

Sincerely, 

S. B. Ritchio 
Lt. Col., (3rd. Depte 



w mPAwJ3m 
P i t t s b w g h  Ordnance Diatrict JLG/dsd 

1202 Chamber of Camerce Building 
Pittsburgh, Pa. 

August 8, 1941 

~ t .  &Ionel Bc Ritchie 
Watertown Arsenal  
Watertown, Msss* 

Dear b: 

In response t o  the teletype signed by General Case, I have 
mit t en  bin, officially, nntifying hin thnt arranger neat^ can be made 
f o r  the meeting of the Subcornnittee on Welding Armnr in Pittsburgh, 
Pa., on August 21 and 22. I believe that the tentntivo arrangements 
made w i l l  be vsry satiafactnry despite tho feet that the p ~ e l i l s i ~ y  
meeting and the aenaral meeting w i l l  be held i a  different buildings. 

I t  i a  proposed that the preliminary meeting be held 
August 21, 1941, fa tho cnnforence room of tho Camegis I l l i n o i s  
Steel  Corporation, hick Build1 n$, Pltt8bur&, Pa., while tho general 
seeaion w i l l  be held in the Duquesne Club, Sixth Avenue, Pittsburgh, 
Pa. I have tentatively raasrved both of these r o a m ,  and await y o u r  
reply before making definite rseerv~tions* 

You spako t a  kjnr  h u g e r  concern iq  tha posaibllkty of a 
plant viait as a part of the pmgr~m of th i s  meting. Unfnrtlmntely, 
the amount of welding that is being done on armnr p'lato or -st armor 
in this dfstrlet is so insignificant that if is doubtful if a satis- 
factory program can be arranged, The Carnogie I l l i n n i s  Steel Cnrp., 
whiah is the only Inca1 company holding a membership in tho a h b  
camnittee, is dnim no welding in the Pittsburgh Pistrf ct an th is  
class of materiel* They a r e  doiug welding at Farrell, Pa,, in 
the Cleveland Ordnance aistrict, but Farre11 is &bout sight-five 
nf lee  f rom Pittsburgh. 

Will you please let me know your wiahos in th ie  mattor as 
we would like t o  render every assistance t o  &A the prnpnsed meeting 
met auccessfulo 

8incer aly , 

/ s f  JAMES L a  GUION 
Lt. Col., Orfl. Dept*, U a  Sea. 
&ecutive Officer 

(Inclpsure . PO) 



Laboratory August 12, 1941 

Lt. Col. James L, h i o n  
&emtiwe Officer 
Pittsburgh Ordnance District 
1202 Chamber of Commerce Building 
P i t  tsburgh, Penngylvania 

Dear Guion: 

f have your letter of Augusl g in fur ther  reference to 
the proposed meeting of the Subcommittee for  Welding of Armor. 
The dates of August 21 and 22 have definitely been scheduled. On 
Allgust  21 the meeting w i l l  consist only of ei&P designated repre- 
sentative~ from the subcommittee membership who constitute a 
Research Program Subgroup. They w i l l  meet on the 21et at 9;00 A.M. 
EST t o  go over the welding research projects. This is merely a 
prolimfnary meeting to the main meeting which is to be held 
August 22. Wo deafre t o  restrict the subgrotxp meeting on the 2lst  
to those who a e  members of the subgroup in order that they m a ~ r  
work more effact ively .  WG, therefore, are not giving any public1 W 
to the subcornmi t t o o  as n whole that tho subgrorxp is meeting before 
the main meoting, 

As stated abova, t h m o  w i l l  probably be around eight or 
ton present at the subgroq meeting. Mr. Schmitt at Fbck Island 
Arsenal is Chairmn of this subgroup and he or some other repro- 
sentative from Rock Isl~sd Arsenal m a y  make contact w i t h  you i n  
connection with the meeting. I an! merely mentioning this 80 thh t  
you underatand the arrangcmants. You will note, therefore, thtt a 
compwatitrely smnll roon would suffico for the first noeting. 
do not  believe that a stenographer w i l l  be aocessarfr nt the first 
meeting, although, if you have someone who is not too busy and 
who could be spared, it might be well to  a stenographer praaentc 
However, this is not  importmt for tho p r e l i n i m y  moeting. h 
Agenda covering the preliminary meeting ia attached. !Chis w f l l  
also bo sont out  t o  those who w i l l  attend the meeting. 

The Agonda w i l l  advise tbose who are t o  attend that the 
ncoting (prelirninarp) i s  to  be held i n  the conference roon of the 
C~rnegie Illinois Stcel Colp., Friclc Builafng, Pifth Avenue, P i t t s -  
burgh, PaL 

1% are mtffying tho whole subcoimittee through an Agenda, 
a copy of which is attacbod, that the ~YlbcoI3mitte~ meeting w i l l  be 



held in the Ihqueeno Club, Sixth Avenue, Pittsbur&, Pa* on August 
22 starting at 9:W A.M. EST. 1% I s  expected that approximtely 
f o r t y  persona w i l l  attend, These neetings usually run w e l l  into tho 
aftornoon. It is customary to naka record of the meeting and f o r  
thet purposo we hhvo usun2ly had either a stenotype operator or two 
stonogr~phors present t o  record the discussions. It would be elp- 
preciated if you could arrange for th is  stenographic help. Let as 
know if it i s  not convenient to mako arr,~lgoaents $or this .  

w i t h  rospoct t o  tho rooms you axe reserving, we h s s u e ,  
of course, t b t  there is no f iwc iec l  obligations fnvolvod as Wo 
had no arrangements so far t o  handle such mntt~xs. 

In view of the conditions you montionnd, it is believed thn t  
we should forget about aw shop visitation during the n e ~ t i n g .  

'Phg wrangolnents you are Wiug t o  help us out in this mat- 
ter are cer t~~ in ly  ~ppr~cintsd. Wo, of course, expect ynu to bo present 
at least t o  mnke soac opening roma'r%s at tho beginning n f  the moetfng, 
e~pecially on the seccnd, dPy. 

Sincerely, 

S. B* Rit-chie 
Lt. Col., Ord. Depth 



A W U S ~  16, 1941 . . 

Mr. J, D. Bcrg 
Chief, Pittsburgh Ordnance Diatlict 
1202 Chamber of kmnerco Buildi* 
Pittsburgh, Ponnsglvania 

Doar Mr. Berg: 

Plans are being by the Subcormittee fnr Welding 
nf Amox, of the Berrous Metallurgical Ad~f sory  Board, tn  h n l d  
a meeting at the Puqueane Club, Pittsburgh, Pa., August  22,  R 
copy of the Agenda is attached. !his matter hns been discussed , 

by Lt. Col. S, B. Bi tch ia ,  of t h i s  arsenal, Ch i rmaa  nf the 
Subconmittoo, 'wlth the Executive Officer, of the Pittsburgh 
Ordrwnce Disk ic t ,  who has kindly mado arraccemonts fnr the 
c~nference room. 

You are Invited tn attend th is  mooting. If you canz 
n o t  find tin0 to pmtfcipate in the whole seesinn, pnssibly 
you could ba present at the bdgimfug of t he  meeting ~ n d  mike 
opening remarks. 

The assistance being rendered by tba Pittsburgh Ord- 
mnce D i s t r i c t  in t h i s  connaetion is groatly appreciated. 

V e x y  t ru ly  yours, 

JOHN ~~ 
Col., Ord. Dept. 
Comandi ng 

For: R. W. CASE 
Brigadier General, U. 5. Amy 
President, Ferrous Metdlurgf ca1 
Advisory Board 

( 1 ncln  sure 12) 



Mr, A. J, RF,ymo 
Menber, Subcomnittoa f a r  Welding af Armor 
Welding Engineer 
Bnldcrin Locono t ive Company 
Eddy s tnne , Pennsylvania 

In accorbnoe with the recomnondatinn nf the Subcommittee 
at its last neatfng and aftor cnnsultation with Rnck Islwld Arsenal ,  
it has boon docidod t o  hold a medting or" the Reaearch Progr~tm Grnup, 
of which you are 6 member, at the conference rnom nf tho Carnegie- 
Illinois Steel Corporation in the Prick Building, Pittsburgh, Pem- 
sylvanla, beginning at 9:00 A.M., August 21, 1941. The subgroup 
meeting is for the purpose of cnnsictoring R ccordinntod weldin,: 
research program t o  bc allocated mnng the f i rns roprosonted on 
the subcomittce. 

On tho fo11nwi-g. day, August 22, 1941, a regular rnoeting 
of the Subcommietoe for tho Welding of Xraor w i l l  b~ hold nt the 
Duquesne Club, Pitteburgh, t h ~  meeting schodulod to begin at 9:OO 
A.M., E.S.T. Copielr of the Agenda for the  twr? neotings &ro attached. 

Please indicate an the attached form tho  Mmea of those 
from your firm who will fittend the neotiw nf t h e  subcroup and the 
meeting o f  the Subcommittee and raturn in onclnsod envelope in ordar 
that axrangenents m y  bo corrrpletwd for t he  meetings. 

For the President n f  the Boardt 

Yours very truly, 

S* B, Rf tchio 
Lt. Col., Ordr Dept. 
C:mirmnn, Subcomi ttee for 

'Voldii~,?. 09 A r m n r  

( Inclosure  13) 



Laboratory 

SBR/ g m  

August 12, 1941 

Subject: Meetiry= o f  Subcornmi t t e e  for Welding of Armor 

To : Chief o f  Ordnance, u. 
Washington, D. C. 

Attn: industrial Service - Tank Division 

1. fn accordance with the recommendations at tho last meet- 
ing of the  Subcommittee f o r  Ifelding of Armor held at Cleveland, 
Ohio on June 20, another meeting bas been scheduled t o  be held 
at the Duguesne Club, Sixth Avenue, Pittsburgh, Pennsylvania, 
beginning at 9 :  00 A.M, BST August 22, 1941. Contact has been 
made with the Pittsburgh Ordnance District with respect t o  this 
matter. The date for the moeting is satisfactory t o  Rock ieland 
Arsenal, Copies of the Agenda, which have bean distributed La 
subcomi t t c e  members, are attached horawith, 

2 .  It is requested t h a t  this ~ 8 0 1 ~ 1  bo notified at the 
earliest date practicable giving tho names of those who w f l l  at- 
tead the meeting from the  'Office, Chiof of Ordnance. 

R* Y. cA$I 
~ r i ~ a d i e r  General, U. S. Arw 

President, F e r r o u ~  Metallurgical 
Advisory Board 

Incl* 
Agenda i n  dup. 



President 
Thomson-Gibb Ilectr ic Ifelding Company 
Lynn, ;4asazchusetts 

Dear Sir: 

There is being organized a small Subcommittee on Resistance 
Welding, t o  function under the Chairman o f  the Ordnance Department 
Ferrous Metallurgical Advisory Board, t o  advise and amfat i n  research 
and development i n  the ~pplication of resistance welding to Ordnstnce 
materiel, notably as applied to the construction of tanks and A X ~ O T ~ ~  
cars. 00-apsrative resanrch a i d  devslopment programs on resistance 
welding as may bo recommended by the subcommittee will be mattere for 
consideration. The eubcammittee will meet from time t o  time at 
Watertown arsenal or o t h e r  suitable place end will afford a comma 
meeting ground for discu~~lon of such mattors as specifica$ions, 
inspection, composftione, treatments and processing methods involved 
f n connection with rasis tanoe welding. 

The following members of the Resistance Welder Manufastworu 
Association are being invited to bocoms members of the subcommitteet 

Thomaon-Gibb Electric Welding Company, Lynn, Maasachuaotts 
Taylor-Winfield hrporat ion, k r e n ,  Ohio 
P e t l e a  Machine & Welder Cb. , Warren, Ohio 
&i t iona l  Electric Welding Machines Co., Bay City, Michigan 
Progressive Welder Ca., Detroit, Michigan 
Swift  Electric Welder Go,, Detroit, Michigan 

There will also be representation from the Office, Chief of Ordnance, 
Rock Island Arsenal, Aberdeen Frovlng Ground and Watertown Aroeml.  
It is expected that Mr. R, T. Gillette, Works Laboratorg, General 
Electric Co,, Schenectady, New York w i l l  also attend meetings which 
may 'be hela. 

In view of the urgency of some problems whioh have recently 
arisen in connection with spot welding of armor, it I s  desired t o  hold 
a mae ting of the eubcommittes at this arsenal on August 27, beginning 
st 9:30 A,M,, EDST. If the formation of this subcommittee for the 
purpose intended meets with your approval, it is requested t b t  701.1 
designate someone 3s a member t o  represent your or~anisatfon. Informa- 
tion as to the name and addreea of the one ao designated who w i l l  attend 
the coming meeting is requeeted, 



ft is hoped that the date selectsd for the  meeting w i l l  be 
convenient f o r  your reprosontative t o  be preeentl It f s to be noted, 
however, that atton&ncs would have t o  be without expense to the 
Govornr.ent, r h  agendum covering the matters t o  bo di~cussed is being 
prephl-ed and can be furnished in tho near future, In order that proper 
xrangementa mdy ba dccomplished, it is requested thht reply bc mad0 
at the aarliost d a t e  practicable. Your co-operstion in this mtter 
w f l l  be apprecisted. 

Yours very t-, 

R. W. CASE 
Brigadier Genoral, U. S. A, 

Proeidont,  F e r r o u ~  Idetnllurgf cd. 
rldvisory Board 



Laboratory 

Subject: Meeting of Subcommittee on Jbsistance Weldiw 

To: Commanding Genera 
Rock Island Arsenal 
Rock Island, I l l i n o i s  

d 

1. There is being organized a s a l  Subcommittee on Resistance 
Weldsng t o  function under the Ordnance Department Ferrous &tdlurgicd 
Advisory kard t o  consider problems of resistance weld1 ng of Ordnance 
materiel. &dr Island Arsenal  is invited t o  designate a representative 
for this  subcommittee, Informt ion  as t o  the one so designated would 
be appreciated. 

2, It is planned t o  hold a relimimry meeting o f  the g o q  a t  E Watertown Arsenal on August 27, 19 1. lu k e n d m  f e  being prepared 
covering the topics t o  be discussed at tbia meeting, Any material 
which Rock Island Arsenal desires t o  havo included therein should be 
submitted, as early as practicable. Copioe of the Agendum, when 
prepared, w i l l  be, submitted t o  those concerned. 

q 

8. W* CASE 
Brigadier General., U, S.A. 

Commanding 

(Inclosure 16) 



Mr. R. G. English 
S w i f t  ELectric Welder Go* 
Dotroit, Mi chigm 

%his w i l l  acknowledge receipt of your le t ter  of August 
14, 1941 in reference t o  tho Subcomitteo on Reaiatanco Welding. 
de are pleased t o  note that you w i l l  designate a representative 
as a member of this subcornmittere and t h a t  *. A. h Lewis and Mr. 
Floyd E. Taylor w i l l  be present at the coming meeting to be held 
at IVntertown Arsenal oli August 27, A 8  euggested in yow le t ter ,  
EL copy of the Agenda is attached from which you ba able t o  
determine which of the t w o  should come. 

Pleaso  indicate on the attached form, and return in the 
envelope enclosed for that purposo, the hour ahd stati~n at which 
of the ~bov~ruwnod representatives w i l l  arrive in Bodton, or the 
hote l  whore they m y  be located, in order that transportation may 
be made available t o  brf ng them t o  the  arsenal* 

Your co-operation in the propose& activities is appreci- 
ated. 

For t h e  President of the Board: 

very truly yours, 

3 Encls, 
Agenda 
Fo rn 
Envelope 

S, B. Ritchie 
L t ,  Col,, Ord, D o p t r  
Secly, Ferrous Metallurgical 
Advisory Board 



Mr, A, L. Abbott 
Diebold Safe & h c k  Company 
Canton, Ohio 

Dear Mr. Abbott: 

Iktertown A r a e W ,  i n  connection with the research and 
development program on welding in ganexal, recommended t o  the Chief 
of Ordnance sometim& ~ g a  for ellocatiofi t o  the N ~ t i o m 1  Defense 
Reaearch Committee cer t ~ i n  fundPsmanta1 studies pertaf ning t o  tho 
weldability of eteels ~ n d  t o  residual strastiteer in welded structur&s, 
the nature and extent of these stresses, ~ n d  the determination of 
their effects  with a view t o  poesible corrective measures where 
practicable. It is believed that an analysis of this problem w f l l  
develop information m d  data which should be of much assistnnce in 
the def enoe program. 

Prelimimsy t o  the poe$ible allocatiofi t o  Fesearch organiza- 
t i o n  for ~ o l u t i a a  of tho several problems p-ftted vhiah are t o  be 
covered in the studfee, the Metallurgical Subcommittee of the National 
Defense Reseaah Committee has decided t o  have a survey made and a 
report prepared on a1 oxi'hsting data and information on tho eubject, 
This work is now underway. A a r f t i c a l  amlysis o f  the material bofng 
collec$ed should indicate wherein and t o  what extent additional fun- 
&nent&l research in  this f ie ld  should bc undertdcen at th is  time. 

Shia letter i s  to Entroduce to you Meafsrs. R. HI Aborn aad 
J, k. S t i t t  who have been designated by the National Defonete Research 
Comittes to make the eurvey referred t o  above. It is understood 
that these gentlemen have been granted leave of absence from their  
regular employment t o  dc this work. f n thfa connection, they w i l l  
desire t o  v i s i t  firms, personnel and technical agencies whn I&IY have 
important knowledge bearing an the oubjeot.. Undoubtedly they will 
make contact with you by correqondenoe i n  the near f u t u r e  with that 
in mind. 

Messra, Aborn asld Stitt  real ize f u l l  well that the ~ersonnel 
with whom they would l i k e  t o  discuss th is  problem on welding are pressed 
with nthep workr However, in view of the importance nf the t~sk which 
has been assigned t o  then and the value of the report  which they will 
prepare for the Ordnance Depu tmsn t  and which w e l l  be mde available t o  
others e n t i t l e d  theretn, it would be greatly q p r e c i ~ . t e d  if you a 



Mr. A. It. hbbott September 2, 1941 

could a f f n r i l  them tine f o r  discussinn of the matter, if nnd when thoy 
n&e cnntact with you, or placo them in contact with cthore in your 
~ r ~ n n i z a t i o n  who may have knnwleQo bearfnf: on tbia subject. 

Far the Prosidont of tho Bozrdt 

S. B. Ritchie 
Lt* Col,, Ordl Scpt. 
C h i  r m ,  Subcomf f t o e  
f ~ r  Wslainq of Arnor 



Laboratory October 13, 1941 

Mr. %lcolm -S, Clark 
President, Resistance Welders 

b n u f - ~ t ~ f . ~ ' ~ ~  hasocint ion 
President 
Federal &chine B Welder Company 
W~rren, Ohio 

A t  a preliminsry meeting of A group of rasistanae weld,ing manu- 
Pscturers he13 *,t Watertown A r s e w 1  aomatime ago n Sbbcommittee on Re- 
R is te,nce %lding wan or~anieed t o  function under the general cognizance 
of the Ferrous MetallurgicaJ. hdttisory Board. The rqreeentatives who at- 
tended that meeting and who now constitute the Subcommittee are: 

Mr. A, H. Lsuia, Swift  Xlectric Velding Ca,, Detroit 
Mr. 0, F. &uit t ,  National Electric Welding Machines 

Co., Bw Cfty 
Mr. R, T. QflXette, General E l ~ c t r i c  Co., Schensctady 
Mr. 3, H* Coapor, The Taylor-Winfield Corp. , lfaxren 
Mr. T. Obes, Thornson-Gibb Electric Welding Co., Lynn 
Mr. L. M. Benkert, Progreseive Velder Go., D e t r o i t  
Mr. 3. 3. Viare, Federal Machine and Welder Co., !'arren 

At the meeting it was suggested that poersibly other members of 
your a ~ k o c i a t i o n  might desire membership on this Subcornmi t tee who possibly 
might be in a position to aontribute t o  i t s  activit ieh.  It wt1m further sug- 
geated that you be contacted with a view t o  ascertaining w h a t  additional 
membere of your aaaoeiatlon should be included. I t  i s  thought t h t  paap 
siblr yeu would bring this natter IQ ~t one of your association meetinge, 
Tour courtesy in da'ing thin ~ind advising me of the reaults  in order t h t  I 
m ~ y  be able t o  pass them e,long t o  the individual members of the Subcommittea 
woqld be greatly appreciated. 

You m ~ y  bs interested to know that at the preliminnry meeting es 
r~search program, applicable more specif icslly to the rasistance welding 
o f  light armor, wRa formulated ~ n d  apaci f ic  problem8 were .agreed upon f o r  
aasigament t o  Lndtvidual concerns. A subgroup, o f  which Mr. Ci l le t te  a s  
named chirnmn, was also besignatsd t o  prepme Rn out l ine  of  required weld- 
ing d ~ t ~  t o  be recard-ed o'n a l l  teste.  Tlmt  subgroup h ~ s  completed i t s  
work and the progrRrn ~ R B  been f!istriButad t d  the individual members. 

It  m a  also  greed nt  the meeting t h ~ t  the semice representti- 
t i v a a  would rJrepAre a progmm of t e s t s  t o  be amlied t o  the individua' 
welded saeeimens, which w o u l d  be meparad by the s e ~ e r o l  companies p a p  
tici~ating, That Drogram is now being stencilled find cowiee w i l l  be m i l e d  



@ Mr. Malcolm S. Clark 

t o  the individual members some time this week. 

The matter of abtaining naceseary plate material hea been de- 
layed further than  we originally e.ntieiplrated, in view of praduction di f -  
f i cu l t i ee  and pi-esaure of activities fn the ffrrpa normally furnishing suc 
m s t e r i n l ~  However, we are now kbout r e ~ d y  te ship t o  the individual f l r ~  
participating in the programs samplea for their resenrch work. These 
should go formrd this week, As soon RS the$e samples have been welded 
~ n d  preliminary t e s t s  hmra been completed, it i r  plnnned t o  hold another 
meeting" of the Subcommittee. This we hope cnn be done aome time next 
month, 

The foregoing is presented in order t o  give you a brf ef picture 
of w h a t  hae been done. In caee you desire further details,  it is sluggest 
thn,t you obtain the m i h u t e ~  of the prelimimry meeting fro4 Mr4 wise, of 
your f i r m ,  or Jn CRBB it is not  readily ?2vn.ilable, we w i l l  be pleased t o  
send you P cbpy for your p e r s a n ~ l  file. Your co-oneration in this m-tter 
l a  g r e ~ t l y  ogpreci~,te& 

For the President b f  the Bon.rd: 

Very truly youra, 

(Inclosure 19) 



The f i f t h  meeting of the Subcommit tee  vas arranged through the 
courtesy a5 the Arcos Cerperatien ( Inclo aure 20) ~ n d  the Philadelphia 
Ordmnce Dirtrict (Inaleaures 21 and 22). A reauest was n&-de for sug- 
g ~ s t i o n e ,  na t o  topicn t o  be lncludecl in the agenda, from the indus- 
trinl  member8 (Incloeure 21) ~ n d  certain OrcJnmce agencies (Inclosure 
2 !%en plans had been camletad, notice8 were sent t o  industrial 
rewreeentativaa ~ n d  interested Semice w n c i e e  (fnelosure 25). To 
certain companies, which had emreased R desire'to k v e  represent~tives 
qt tend the mee.Ung;-- notioeu (Inclosure 26) were sent. Preliminary a r  
rangementn for the p l ~ n t  v i s l t ~ t i o n  we lndfccted by Inclosure 27& AF- 
rangemeats far the 8ulcomnlttee luncheon are Lndioated 'ltP Inclesure 28. 
In addition t o  the Subemunittee meating an Friday and the plant vierfta- 
t i on  on Satrsrw a meting of welding fabricators was arranged for 
day, 27 October 1941, by the BaldwPn Locbr~otive Company (Inclosure 29). 

Letters o f  appreciation were sent to the Philadelphi a Ordnance 
District ( Inclosure 30) the Arcos Corporetion (~ncloaure 31) n.nd Bald- 
win Locom tive- Company (1 nelosure 32). A change. in kbcommittee chair- 
men is Indiaated by I'nclosure 33, 

The rixth meeting of the Subcommittee *ma ~rranged shortly a f t e r  
Pee~rl Harbor aa indicated by rnclosure jb. I t  was evident that the Ord- 
nance District Off  ices were pretty busy just F L ~  this time. The Mawer 
of the Boston Statlet wae moat co-operative in arranging this meeting. 
Final arrangements m e  indicated by Inclosure 35. Notices were eent t o  
member a of the Bectrode G r o q  ( Inclosure 36) the Fabrf cator st Group 
(fncloeure 3 7 ) ,  and others expected t o  attend the meeting (Inclosure 381, 
The return form ref erred t o  w ~ s  sitnilas t o  t h ~ . t  shown by Inclosure 52 
ar 56. The notices lent t o  Service agonciea were aa shown by Inclosure 
39. Invitatione t o  attend the rheeting were issued t o  individuals s w  
geated by the Off i c e ,  chief of Ordn~nce (Inclosures 4-0 and 41) + gimilcr 
reauests by Ordnance Distribt Offices were honored (he losure  42). Ar- 
r~ngemantm regarding minutes of the Group meetings for thia  meeting record 
fire indicated by faclosures 43 and 44, 

Notices of the eeedab meeting of the Subcommittee on Resistance 
Yelding aent t o  the industrircl member8 ere indicated by Inclosure 45, 
The return form referred t o  was similar to Inclosure 52 or 56. 

The swenth meeting of the Subcommittee on Yeldihg of Armar wae sr- 
ranged d i r ~ c t l y  with the Detroit S t ~ t l ~ r .  A t  this meeting, which was 
arranged and oonductsd by Njor Cox, Colonel Zarnig was elected C b l r m m .  
krangernenta and tiotEce8 (Ia~losure 46) were similar t o  thoae of the previ- 
ous mesting. Ifawever, the attendance had increaeed bo enormbusly that the 
r o l l - c ~ l l  by the Secretary connued ap~recieble time ~t the start of the 
meeting. Thie wea the Pfrat  meetlng*to be held on Sunby, 



SBB/ owl kg 

September 27, 1941 

Mr, R D, Fhomas 
Prssi dent 
k c a s  Corporation 
401 North Bwad Street 
Philadelphin, PEL. 

Dear Mr. Thorns: 

This w i l l  acknowledge your l a t t er  o f  September 8 ,  1941, 
in which you kindly extended nn invitation t o  the.Subcornmittee for 
Welding of Armor t o  be your  y e s t  at thcj next meeting t o  be held 
in Philadelphia some time during tho Metal Congress in October. 

We have the natter o f  datea unctar consideration, and ten- 
Lativsly it appanrs that Octabor 24th would -probably ba most suit- 
able, in view of the ectivitfers t o  b e  c ~ r r i e d  out by the Met& Con- 
gress. 

Please be aasurod t h ~ t  we gremtly appreciate your kind 
o f f e r  in this connection, and I shall make contact with you-again 
in the neer future, at which time .more dof in i t& commitnents will be 
given. 

For the Presidsnt of the hard: 
4 

Y o u r s  vslg t ~ u l y ,  

So B. Ritchie 
Lf. &la, Ord. %pt+ 
Chairman, Subcommittee 
fcr Welding of Arnor 



SSRl g= 

October 8, 1441 

Subject: Meeting o f  %ab;committee f a r  Yelding o f  Armor 

To Executive' Off f cer 
phi led el phi^ b r d ~ ~ n c e  Dis tric t 
Boom 1417 Mitten Suil&ing 
Broad & Locust Streets 
Philadelphi a, Peansylvsfiie 

lP P l ~ n s  are being made t o  held a Beeting of the Subcommittee for 
tfelding o f  Armor in Phfladelphie during the week of the Metal Congress, 
bsgianing October 20. The date- tentatively s e t  for the meeting of the 
Subcommittes is &idw, October 24. Mr. R D, 'Phm~, Jr., Senfar Prea- 
ident of the Arcoa Cdrpor~tion, 401 North Broad Street, h,s extended en 
invitation, na s r e ~ u l t  of R euggestion nt the lhat meeting held in 
Pittsburgh, for the grow t o  hold the maating at the Penn Athletic Club 
am his guest. The B ~ l d w i n  Locoma tive Yoxks hec d s o  extended en Pnvf ta* 
t i o n  t o  vis i t  i t s  plant  on S f i t u r b y ,  bc tob~r  75 after thp meeting, to 
ableme reldfng oparati6ns. 

2. The pumor9e of this le t ter  is t o  adviaa you of these invita- 
t i o n ~  an8 to i n d i c ~ t e  t h ~ . t  S t  ie custoxmry t o  handle these mrengemsnts 
through the Dlstrbct Ordnnnca Office concern~d, If agree~blr t o  your 
office, knd in case it w i l l  not imase pn undu~ bdrden, it would. be atr 
u r ~ c i a t a d  if you could m k e  the cantacts and handle the arrengements 
with reanect t o  the meeting ~ 1 ~ c e  and the p1.rnt v ie i tat ion-  f t  is ex- 
bected tht kp~roxf mat elg f i f ty  Subcommit tee members and others who are  
entft led t o  attend the meeting w l l l  be preeent. You Ere Invited t o  hRve 
a repreeentative ~ttead this meeting. As indicated above, &t -6 of 
the Baldwin Locomotive ?forks. who is a member of the Su'bcomlttee, hs 
extended the invitation an behdf of his firm, It is 'believed. that guch 
a v i s i t  would be a highlight of the meeting ~ n d  w o u l d  be vary interest- 
ing and constmcti-re In connection with the Subcommittee activitiee. 
Ybur  hommenta and advice, preferably bg 'te~ed,vpe, in reference td the s w  
geeted plent  vis i t  would be appreciated. 

3. The te?statPve plaaa t o  hold th is  meeting and the i n v i t a t i o n  
that hF.8 been extended by the Bddwin Locomotive Vorks t o  the Subcommit- 
t e e  t o  v i a i t  th ie  plant have been reported t o  the Office, Chief of Ord- 
nance, but no reply h a  yet been receivsd coafirming'the date selected 
for the meeting . 

4, An &en& is being prepared, a cope of which w i l l  be submitted 



later. It is requested t h a t  m y  topics which you night wish t o  have 
i~cluded therein be forv~rded t o  us ~t your early convenience. 

For the Preainent of the  B o ~ r d :  

S, B. Ritc5Pe 
Lt, Col., Ord. Dept. 
Chairman, Subcommittee for 

'?elding of ~rmor1 . 

?a* lr'4 2275 
POD 77 1 .g Sub-committee 
Keeting of Ifelding a f  k m o r  1st Ind. 

P h i l a d e l ~ h i ~  ordnance Df s trict, 1700 Mitt en Buildiqg, Philad eXphiq, Pa. 
October 16, 1941. TO: Cornmhnhing Generd,  TVater town Arsenal, ?ratertown, 
Was, Attention of Laborh.torp* 

I ,  Final arrangements b v e  been made t o  accept the invi ta t ion  of Mr. 
R. I). Thomas, Jr., Senior President of the Arcoa Corporation, who has pro- 
vided facilities et  the Penn Athletic Club ~ n d  also provided for lunehean 
far  f i f t y  (50) mefibers of the subject Committee, on October 24th. I t  is 
understood that your office he.s n o t i f i e d  the 6ub-Committee of the t ibe  nnd 
place of the meetf ng. 

2, drrengernents have also been mde for a -ace at this o f f i c e  t o  
h d d  'B  meeting of ~t~lproxfmately ten (id aeople on October 23rd, in accord- 
ance with your t e le type  of October 14th, 9:20 A,M,, JC S B ~ G M M .  It is utr 
de'rbtocrod that you will not i fy  the members of this meeting aa t d  time and 
place. It will be held in horn No. 1723 of the Mitten Building, Broad arid 
Locust S t h e  t s, Philadelphia, Pennsylv~nia. 

7. Fine1 ariangements hava been completed f o r  f i  plant v is l tat ion t o  
the Ba1Awin Locomotive 'Torks on October 25th  f a p  approximately f if tg (50) 
w e o ~ l e .  Transpor ts t ion p l ~ n s  and arrangementer for  the dqv w i l l  be announced 
at t h e  meeting of the 2b$h, The Bnldwin Loconmotive Works w i l l  provide lunch- 
eon for the group. The v i s i t  is planned t o  terminate with tha luncheon a t  
no o no 

For the District Chief: 

A. J. S I L E R  
1st Lt., Ord, Dept. 
Assfst~nt 



October 9, 1941 

In aacordance with the suggeptions at the meeting of t h ~  e u b  
compritteat whlch m a  held in Pittsburgh bn August 22, plana are being 
made t o  hold another meeting in Pbila.dalphir during the we& of the 
Metal Caagreea, wbioh begin8 October 19, IPbs tantartiwe date selected 
POT the meeting is Frfdary, October 24, which appears t o  be the one day 
when teohniaal activities of the Gongrears are +t a minimum 

Tentative plane are also bsEng mads for a plant +isitrat,ion 
st the Baldwin Ldeomotive Work0 on Saturday mornf ng after the meeting 
on fiiw t o  observe welding operations. This vfsieation, of course, 
if arranged wlll be optional t o  the members of the aubconmittes. 

The Agenda for the mestin& which w i l l  give the hour and the 
place, will be fomarded t o  you in the heax future* In case you have 
any topica which you would like t o  have, included the~e in ,  p'lears l e t  
me have them at yaw earliert convsnisncs* 

Rbr the Resident of the Boardt 

Very truly yours, 

S. B* Ritchie 
Lt. Col., Ord. Dept. 
Chairman, Subcommittee for 

Ifelding of h o r  

( Inclosure 23 



Laboratory October 11, 1941 

SubJect: Meeting of Subcommittee f o r  Welding of Armor 

90: Camramling General 
Aberdeon hoving Ground 
hryland 

1. At tho rocormend.atfon of the Subcornittee for Welding 
of A r n o r  at its last meeting held in Pittsburgh on August 22, 
arrangements hhve been mda t o  hold tho next meeting in Philadelphia* 
thc d a t e  for which hno been s e t  for Octobor 24. Tho Baldwin Loco- 
notivo Company, through its subaomlttae member, Mr. Rnymo, haa 
extended nn invi tat ion t o  the subcornittee t o  vie i t  their plant 
at Eddystone eona tino during this. meeting to witnoss the produo- 
t i o n  assenbly l i n c  of tanka and the wolding praceduras being 
followed. It is sxpoeted that this visitation, if made, w f l l b s  
on Saturday, October 25, f o l l o w i n g  the subconriittee m e ~ t i n g  on 
October 24, a8 it is not beliovcd that tine would be ample for 
both the subcornittee meeting find the plant  visitation on ano day. 
The dates aelacted ware thnsc which could be best utilized, i n  
view of the Metals Congresg, which is to bo held in Philadelphia 
the week beginning October 20. 

2. An Agenda is being prepared, n copy of which w i l l  be 
submitted in the near future, It is requested that, if thoro 
aru any topics which Abordesn Proving Ground desires t o  hhve in- 
cluded, they be forwarded st as early a data as practicable4 

For tho President of the Bonrd: 

S. B. Ritchie 
Lt. C o l a *  Ord. hpt. 
Clmirm,m, Subcamit t o e  
frlr !feldf 1.g nf Arnor 

(Inclosure 24) 



Laborat org October 17, 1941 

Subject: Meeting of Subcommibtee for Welding of Annor 

To: Chief of Ordnance 
Washington, h C. 

ATTN: Indua trial Sewice, Engineering 

1. Plans have been comgleted to hold a meeting of the gubcom- 
mittee for Welding of Armor at the Penn Athletic Olyb in Philadelphia 
on October 24, beginning at 9: 30 A. Ma, El 3r T. Oi Saturday morning, 
it i e  expeotsd that the gr o w  will visit the U d w i n  Locomtive Works 
upon invitation of that firm to observe welding operations in the manu- 
facture of armors4 vehiclre. Thssa arrsngemente have all been made 
througk the PbilNelphSa Ordnanas Distriut. 

2. There fa attached in duplicate the kenda for the merting on 
October 24. 

3# It is requested that the name or names of thoee who w i l l  at- 
tend from the Office, c h i d  of Ordnance be furnishad, preferably by 
te1e-e; also, there should inolude tho names of thosa who w i l l  a s  
the plant v is i tat ion on October 25. 

For the Comms.nding Qonsrd: 

1 Incl t  in d u p l b  
Agenda 

8. 3, Ritchir 
tt. Col., Ordnance Dept* 
Director of Laboratory 

(Inclosure 25) 



Mr. C. 3. Sorenson 
Ford Motor Co. 
Denrbo rn 
Michigan 

October 18, 1941 

Dear Mr. Sar enson: 

There is attached in drrplicato the Agenda for;  the  coming 
meeting of the Subcornittee for Welding of Armor, to. be held at tho 
Ponn Athletic mu$, Phfladelphir., Pa,, on October 24, beginning at 
9:30 A. 1L In this cbnnectian, referenca i a  mado t o  your telegram 
of October 17 in which you advised that Mr. Vennerholm would be pre- 
sent nt  th i s  mccting, We shall look forward with pleasure to his  
participation in theso activitfsa* 

On Gaturdoy morning, October 25, it is planned t o  make a 
plant visitation t o  the Baldwin fiocomotivo Works, Iddystoae, Pa,, to 
obseme welding operations in the mufacture of -6 red vehf cloe. 
Details with sospect t o  this plant visitation w i l l  be made available 
at the meeting on October 24. It ie aeswned that poesibly Mrb V e n n e ~  
holm w i l l .  desire t o  remain over f o r  the p l m t  visitation, 

For the President of the Board: 

Yours very truly, 

S. B, Rf tchf e 
Lt. Cole, Ordn~nce Dept. 
Chairman, S~bcoIOmitt~o for 
Welding of Armor 



Laboratory October lg, 1941 

Mr. & J. %no 
Member, Subcommittee for 
Welding of Brrnor 
Welding Enginoar 
BeJdwin Locomo t i v o  Company 
'BlBdystone, Pennsylvnnia 

Dear Mr. -0: 

Wo b-vs already scnt you a copy of t h b  Agenda for t h e  meeting 
o f  tho Subcommittee for Welding of Arnor in Philadolphin on Qctnber 24. 
Thanks t o  your kind invftaticrn and tho nrragementa you are making,wPth 
the District Ordnance Offico in Philadelphia, we are p l a ~ i n g  t o  make 
the plant visitntioh with you on S a t u r w  norning as you suggestodr It 
appoarasl, at tho moment, that approxtmataly fifty penpke will bc present 
at the meeting on October 24 and possibly this  snme number mv be present 
on Saturday norning t o  go t o  the plant. However, it seems to me that we 
w i l l  have t o  give you mars specific figuros on this a little later, pns- 
sibly exact figures would bo given on the dcto of the subcnnmitteo m e t -  
fng- 

I natwnlly assume that we nil1 want t o  confine the plant 
visitation t o  those who are  diroct ly  concerned or in attendance at tho 
subcomitteo neeting, and that  the m e  or names of  those who are  t o  go 
to tha plant will be available definitely no t  later than the nfirnlng of 
the s&mmitteo aootillg on the 24th. b v o  taken steps here t o  as- 
certain specifically thoere persons who deaire t o  make the plant visita- 
t i an .  I an happy to know that this plant visitation can bo mde, as I 
am sure that it will aonstitute one of the highlights of the meeting. 
f understand f rom a teletype we have j u s t  received f ron Colonel Hausenan 
of the Philadelphia Ordnance Dietrict that his offPCe wfll furnish trans- 
portation from Philadelphia t o  the plant and return, Therefore, it is 
expected tha t  the meeting p l ~ c e  for the menbere will be at the District 
OrUnance Off ice, on kturday norning, or at some place at which that  of- 
fice may later deeignate, ao that the grow may proceed t o  the plant in  
a body. 

If you have any furthos cornucnts at this tima or any sugges- 
t i ? n  of things we should do f rom this end t o  help you in any way in c o w  
nection with the plant v i s i t a t i o n ,  please l e t  us hhvo them. 

For the President af the B O ~ ~ S  

Very truly yaws, 

S. B. Ritchie 
(Inclasure 27) Lt. %I., Ord.. h p t .  

C.hd,rnaa, Subcamnf t t e e  
for Welding 9f Armor 

-460- 



October 20. 1941 

Mrr R, D. Thomas 
President 
Arcos Corporation 
4-01 North Broad Street 
Philadelphi a, Pa. 

Dear Mr. T b m a ~ l :  

In further reference to l e t t e r  t o  you under date of 
September 27, i t  appears that the number who w i l l  attend the meeting 
of the Subcommittee for Welding of Amor, to be held in Philadelphia 
an October 24, glay slightly exceed fifty, This is due t o  the fact 
that the Office, Chief of Ordnance has s&ed us, in s teletype re- 
ceived a few days ago, to extend invitations ~o sever& other firms 
who are interested in welding of amred vehicle6 t o  send repreeenta- 
t iver  t o  the meeting;& I t  I s  expaated that poesibly afi additional ten 
or  exeven persoas may attond m a result of theso imitations which 
axe now being sent out,  f trust ws uan adviso you within the next 
few days more definitely with respoct t o  tho exact number. 

We appreciate greatly the arrangements you have nada t o  
hold this meeting at the Penn Athletic Club. We ale0 realize that 
for you t o  a c t  as host f o r  such a large group may entai l  an undue 
burdon. It has been customary at many of thgee meetfng~ where s i p  
ilar arrangements have been made for those who attend to pay for their 
luncheon, Such mrangements, of course, w i l l  be entii-ely woeable  
and appropriate on the coming occasion. In fact, it always oeems t o  
us best t o  handle the luncheon arrosgements in this  w a y .  

For the President of the Boardt 

Yours very truly, 

S, B, Ritcbfe 
+ Lt. Col., Ordnance D e p t .  

Chairman, Subcommit tee  for 
Welding of Armor 

(Inclosure 2 8 )  



WRT Qepm tment 
Offtoo of the Chief o f  Ordmnco 

Tiashington 

Ind, Sew*-fink D f ~ p  ~raokor/mb~/  ec 

October 16, 1941 

Subjectt Drawings of the Welded if-3 Medium Tank Hyll - bl-4 H u l l  
~ n d  N-4 Turret 

To: Command1 ng General 
Wat or town Arsenal 
Watertown, k e e ,  

A t  tn: Lieut* Colonel S. B. Ritchie 
Director af  Laboratory 

1. The Budwin Locomotive jvorks a t  Fddystono, Pennsplvanla lzas 
an enginoaring contract to prepare a revision of dl Ordnance %art- 
ment drawtnga for the construction of the wolded M-3 medium tank hull  
and the hul l  and turret of the M-4 tank. In additioq t o  theso units, 
which are almost entirely of armor plato,  the work will 4 s o  include 
that section of tho M-4 tank, with mst upper hull, which i s  of plata 
balow the sponson line. This lowor section i s  nlmst identic,d with 
the corresponding part of the all welded M-4 hull. 

2. The designs of welded joints in theere welded etructures must 
bo detailad with proper r o o t  openings, angles of bevel, typoa of groove, 
rind welding procedure, The mnnor fn which adjoining armor plates moat 
iq the various jointe, cnn be either of  two poss ib i l i tPos .  A number of 
fixed factors such as position f o r  welding, choica of grinding or chip- 
ping, and fsc' i l i t iee  of  the wolding contractor ,  must be considered t o  
eefablish the nunnor i n  which plate edges are to bo prepared for welding. 

3. The Ordnmce Dopzvtrnent has hesitated t o  exactly define plate  
edge preparation, but in order t o  get perfect interchnngoability of 
plates and produce at~ndard welded tanks and bocause of your interest in 
welding armor, you w e  kindly requested t o  send repreeent~tives t o  the 
Eddgatone plant of the Baldwin Locomotive Works on Monday, October 27, 
1941, where a meeting of twenty-four welding contractnra will be held 
beginning rt 9 A.M., for the purpose of getting agreement on the optimun 
dosign of j o i n t s  rind welding procedure to bo used f o r  the tanks mentionad 
in the first paragraph. 

4. The Wdwfn Locomotive Works will mail direat-ly t n  y o u  isonetric 
views of the two tanks  augmented by details nf all cnnponent parts, 



" .+;- 

a To: Commnndlng General 
~ k t e r t o w n ~ r e e n a l  
Attn: Lt, Colonel Se 3. 3itchie (contt d.) 

These drawing8 will enable you t a  see where the jo ints  are  t o  be lac~ted 
~ m d  t o  mke notes an the plete  edge preparation necesasry. In th is  way.  
it is hoped tb.t the meeting on the 27th w i l l  be consummate& in the most 
ef f ic ient  manner. 

By order of the Chief of Ordnance: 

IS/ E. La CUMMING8 
Mhjor, Ordnance .Pep t. 
Asaistmt 

( Inclosure 29) 

SBR/ gmm 

October 27, 1941 

Subject: Meetines of Subcommittee for V e l d i t l ~  of Armor 

To: Executive Officer 
Philadelnhia Ordn~nc s D i a  tri c t  
Room 1417 Mitten Building 
Bronfl ~ n d  Locust Streets 
Philadelphia, Pennsylvania 

Attn: Lt. Col. D, N. &,usemn 

1. 
e~saistanc 
the meeti 
1941. It 

It is desired t o  e q r e a s  apprecfation far the cooperation and 
e rendered by the Philadelphia District  Ordnance Office during 
ngs of the Subcommittee f o r  Yelding of Armor, October 24 end 25, 
is understood that the d e t ~ . l l e d  arrangamenta handled by t h p t  

office made possible the ~ccomplishment of two successful meetings, one at 
the Penn Athletic Club on October 24, the other  a p l ~ , n t  visitation kt the 
B ~ l d w i n  Locomot iv~  Works on October 25. 

R I?* CASE 
Brigadier General, U. S* Army 

President,  Ferroua Mete.llurgica1 
Advi sory Bo hrd 

( Inclosure 30) 



Laboratory October 27, 1941 

Mr. R D. Thomaa 
Pres idsnt 
Arcos Corporation 
401 North Broad Street 
Phf ladelphia, Pennsylvania 

Dear Mr. Thomas: 

I have been' informed by Lt. Col. S. B. R f  tchie, Chairman 
of the Subcommittee for Welding of Armor, of the courtesies extended 
by the krcos Corporation as host t o  the Subcommittee during ita 
meeting in Philadelphia, October 24, 

On behalf. of the Ferrous &tallurgical Advisory Board 
I would l ike t o  express t o  you our appraclation for your coneridera- 
t i04 in this connection and fo r  your assistance in arranging the 
meeting place at the Penn Athle tia Club, for your stenographic help, 
and for the luncheon for tho Subcommittee. Your cooperation in 
handling theeo matters made possible tho sccowlf shment of a euc- 
cessful meeting to facilitate, to the benefit of nat ional  dofonse, 
the solution of probloma in which wo r,ra all mutually intcxastedr 

Very truly yours, 

R* W. Caso 
Brigadier Genera, U. S, Arw 
President, Ferrous Metallurgical 

Advisory Board 

(Inclosure 31) 



Ootober 27, 1941 

ldr, Charles 2. Brinloy 
President 
Bnldwf n Locomotive Works 
Eddyatone, Pennsylvania 

Dear Mr, Brinlej: 

I have been informed Lt. Col. S, 8, Rltchfo, Chairman 
of tho Subcommittea for Welding of Armor* of the courtesies extended 
'by the Baldwin Locbmotive Works dwing tho meetfngs of this Subcom- 
mittee in Philadelphia and at your p l a t  on Oetobor 24 and 25, 
respectivelyc On behalf of the Farmu Motallmgicd Advisory Board 
1 w o u l d  like t o  express t o  you our  appreci~.tion, especially for the 
cooperation and assfstc.ince renderod by your c o m p ~ q  in acting as 
host t o  the  Subcommittee on October 25. 

Tha plant  visitation arranged by your Mr. Raymo was, I 
understand, very instructivg for those who attended sad who are can- 
cerned with the mufacture of armored vehicles. The interchange 
of informat ion  through conferences, and by obeervntion of n c t a  
production, as was the case on t h i s  occrrsion, should facilitate 
the sblutfon, to the benof it of nntional def onse, of those problems 
in which fire a r e  all mutually interested. 

Vory truly yours, 

Re W* CASE 
Srlg~diar General, U. S, Axmy 

Prosidonti Ferrous MetaEurgical 
Advisory Board 

(Inclosure 32) 



Mr. R. Dd Thomas, Jr, 
Member, Subcommittee f a r  

Welding o f  Armor 
Metallurgist 
Areas Corporation 
401 North Broad Street 
Philadelphia, Pennsylvania 

Dear Mr. Thomas: 

Ye greatly approcints the f ine  ww in which you bandled 
the r ecordf ng of the meeting of the Subcommittee for Welding of Ar- 
mor, held at the Fern Athletic Club in Philadolphia on October 24. 
Tho rocorded minutoa havo baen received and wo Ezra t&ing the nac- 
e s s a v  staps t o  k v e  them reproduced to be sen t  to the members of 
the Subcommittee. 

Colon01 Ri tchie  b.8 baen assigned now duties ns Procluction 
Maanger at t h e  A r s e d  and for the  time being I shall at tempt  t a  
handle the d o t a i l s  of the Subcommittao work, although I am glad to 
say  the Colonel Ritchle w i l l  still bo available t o  consult with us 
in these activities. 

For the b m d i n g  Officer: 

Very truly yours, 

G* L a  COX 
MaJor, Ord, Dept. 
Acting Director of Laborntory 

( Xnclasure 33 



b.j*: . . , neeting of t h e '  Subcommittea far 'Veldiry: of Armor. It was 
d.ecir?ad l a a t  meeting t o  hold it in netroit a.nd it i a   bout t%m& 
now t o  g e t  out  th;! aq~n*. m d  mtify d l -  the members and we would 
l i k e  t o  h w e  you help us if possible in ~r$angfng n roam t o  have 
this meeting, ~ n d  we e.re ho,ving in mind one of thn rooms p. t  the 
Stst ler  or nerh~.ps some on? of t h e  other  hotels .  Now, one cbm- 
p l f c ~ u t f o n  is t h i e  - . th~?re ere tm subgrows t o  this  ~ubmmmittee, 
one denling' with e lec t rodes ,  the other & . e ~ l i n g  with f ~ . b ~ i c ~ . t i o n .  
Brooker i n  l q ~ s h f q t o a  he~ .de  up t h e  Elsctro&e r.nd Schrnltt at h c k  
Ialand the  o t h e r  one. Now, they w i l l  went t o  ho ld  meet ings on 
the 6th, that is a day ahead of the main meeting, Now, they won't 
need as large a room - they w i l l  haye pephaps 15 in eqch group- 
Our group on t h e  7th w i l l  have about 75 people. I though$. 1 would 
1 ika to ask you if you know of my place that we can get o r  Just 
t o  ask you if you Could help us ,oil+ and find p, p l ~ e e , .  

Col, : !%y CPB' t you use these committee members to get this done? ?ye 
Rre just up t o  o u r  ehrs here. I tsould 'be g l ~ d  t o  look mound, 
but I don' t know very much about it, hbu wny member8 you ha+7~; 
what size is nceded. Why coulrl.fi' t you g e t  somebody to sponsor 
i t  1s Grant  Lakes Stee l  on tht? 

&j. ! No, they i r e  not i n .  on  t h i s  a t  all. 

hl. : !kat repreeente, t ives are o n  that Committee? 

MRj.:  COX. Rehm is on the.t Committee - I l.*ronder if he could help us out? 
I imgine he fs in worse shape t h ~ n  you. 

Cdl. : HP is just taking oTrer the  Rack x a f ~ n d  anfl h~ &,a ,to e o t ~ b l i s h  an 
Eng, Office - . e l l  by t h e  1st of J ~ n r n . ~ ,  Xlll laokainto it - it 
seems t o  me t h ~ * t  - wel l ,  I f  i t  hes g o t  to be done, i t  ~ F L S  p o t  t o  be 
none, but frankly ~ , s  f p r  as I ' m  concernerl, that hets an awful low 
nr fo r f ty  in t he  thinrs W P ' V ~  cot t o  do. Ye fire working rhy ~ n d  n i g h t  
here - r>ressurP on things - netting inrork unfler w ~ y  an4 work out.  

Maj.-: Suppose we 1m.w i t  this way, Cnl. Crnns. 1'11 check through the 
~t&tler b t e l  here in Boeton an4 see If they cRn arrange aqything 
for U6 ~ n d  if ite c a . n t t  1 may hr.ve t o  gat  in touch with-you later. 

Col.: h you hRne any resources for renting tha t?  

kj.: we w i l l  each heve to pay our share. lte generally do it  'by pe.yin& 
a high price far lunch: in other won?$,  $1.50 to $1.75 f o r  lunch 
which covers t he  room. ThRt ie, w h a t  we have dona in the paet, and 
it  is about the most satisfa~toxy w w .  1'11 check w i t h  the  S t s t l e r  
Ho t e l  here i n  Boston - they may be ~ b l o  to arrange.-aome t h ing  with 
the Det ro i t  Statler. 

Col,: If I get time here 1'11 ge t  what information 1 can. 

Maj-k: I'll appreciate %but aery much. 
(Inclosure 34) 
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.- 

GLC/ gmf 

December 22, 1941 

Mr. W. F. Schmitt 
Member, Subcommittee. for 

Welding of Armor 
Rock Island Arsenal 
&ck Island, Illinois 

I have Just completed making arrangements for the forth- 
cbming meeting of the Subcormittee for Welding of Armor on January 
7, and the t w o  Subgroup rneettngs on January 6. 

These meetings will be held at the Statler Hotel in 
Detroit, and the management of that hotel, is reserving tws rooms 
that w i l l  handle the Subgroup meetings oa January 6, and one largo 
room t o  handle at l e a s t  seventy-five people aa tho 7th. I do not 
yet have the exact details of the method of p-ant for these rooms, 
but presumably, the cost  w i l l  be included in the price of tho lunch- 
eon, which can be served in the room. I do not have the specific 
room numbers o r  names, but they will be furnished you when avail- 
able, 

&pies  of the agenda w i l l  be m i l o d  to you ehortly. 

For the President of the Bomdt 

Very truly yours, 

G. L, COX 
h j o r ,  Ordnance Dept. 
Acting Chairman, Subcornmi t t e e  

cc: bl. R, Z. Crane for Vela ingof  Armor 
Col. H. If. Rehm 

P.8. This w i l l  calsa acknowledge your l e t t e r  of December lg which f have 
just noticed sfnco dictating tha above. 



Laboratory 

A meeting of the Suboommlttee for Welding of Armor has beon 
scheduled t o  be hold a t  the Stntlsr Hotel, Detrof t, Michigan, on 
Wadnesdsy, Ja31uaq 7, 1942, beginning at 9:00 AIM., 1. S, ?, A copy 
of the Agenda t o  be used st the meeting as well as a copy of the r- 
vision of Specif icatioa US-497, whiah w f l l  be g topic for diecussion, 
a r e  attached* 

" A meeting o f  the Electrode R e s w c h  Subgroup is baing dalled 
by the chisirmen, Mr. E. B ~ o k e r ,  and w f l l  be held at the Ststlsr Hots l ,  
Rzeecby, January 6, 1942 beg1 nning st approximately 9:00 A.M. 

Planer have bean complt~ted for a plant visitatton at the 
Detroit Tar& Areend an Thursday, Jmuary 8 ,  1942, betr91s of which 
K i l l  be announced at the aubcomf t tee  m s ~ t i r g .  

Please indicate on the attached form the munee of those 
pererona from your organf zation who w i l l  attend both mettngs. 

For the Preaident of the Board: 

Very truly yours, 

G* L. Cox 
Major, Orrlnnncs D q t ~  
Acting Chirmaa, Sub~ommittee 

for Welding of Armor 
4 Enclsb 
Agenda 
Specifioation 
Return Fom 
Return Envelope 

(Inclosure 36) 
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A l a e e t f . ~  of the Subcornittee f a r  fVeldfng of Arnor has beer: 
scheduled t o  bo hold at the S t a t l a r  Hotel, Detroit, Michigan on 
Wednosday, Jmui i  7, ~ 9 4 2  boginning at 9:QQ A.M., E.S.T. A copy o f  
the Agenda t o  bo used at th meeting as w a l l  as a copy of tho ravision 
of Specification US-497, which w i l l  be a topic for discus $ion, are 
attached, 

A meeting of the Fabricator Rosoarch Frogran 6ubgroup l a  
boing c a l ~ d  by the chairman, Mr. W. I?, Schnitt, m d  w i l l  be held at 
the Statlor Hotel, Tues*, January 6, 1942 beginnfu at ~pproximtely 
9:OO A.M. 

Plans have beon completed for: a plant vis i tat ion at tho 
Detroit Tank Arsenal on fhursdq, Janwry 8, 1942, deta9l.s of which 
w i l l  be announced at the subcornittoe meting. 

Please indicate on the attached fom the w e a  of thoere 
persom from yaw organization who w i l l  attend both neetf,ngo. 

For the President of tho Board: 

Very truly yours, 

G. L. Cnx 
Major, Ordnance D c p t .  
Acttng Chfrmern, Subcommit tee  

for Welding of Armor 
4 Bncls . 

Agenda 
Specif i c n t  ion 
Reaeipt Form 
&walbpe 

(Inclosure 37) 

-470- 



Laborntory Deoenber 31, 1941 

A fleeting of the Subaonnftteo for Welding of A m r  has been 
scheduled t o  be hold at the Ststler Hot 01, I k t r o i t ,  Michigan on Wad- 
am*, January 7, 1942 b a g i n n i q  at 9:00 A.W., 3 - S J T .  

A copy of the Jigenda t n  bO used a t  the rnoeting is attacbod. 

Plans havo boon completed for a plalat v i s i t a t i o n  st the 
D e t r o i t  Tank Arsenal on Fhursm, January 8, 1942, dota i l s  of which 
w i l l  be announced at tho subcomnittee meeting, 

Please indicate on tho gttachad form the names of those 
persons from y o u r  organization who w i l l  a%telzd, the subcosni t tee  meeta=* 

For the Proaiaeat of the Board: 

T B X ~  t ru ly  yours, 

G, L, Cnx 
Mejor, O S ~ ~ C R  Dept- 
Acting C h a i r m ' ,  Subcornit tee 

f a r  Welding of Armor 

3 Encls. 
Agenda 
Return Form 
Return Envelope 

(Inclosure 3g) 



Lakoratory December 30, 1941 

Subject; Subcommf t tee Meeting for Welding of Annor 

To : Executive Officer 
D e t r o i t  Ordnance District 
1832 N a t i o b l  Bank BLdg. 
Detroit, Michigan 

1. A meeting of the Subaommittes f o r  Welding of Armor has 
been scheduled to be helcl at t h e  Statler Hotel, -Detroit, Michigan, 
on Wednesw, January 7, 1942, beginning at 9:00 A.M. , E. 5. T, 
Copies of t h e  Agenda for the meeting are attached, 

2. Plans have bqon completed for a plant visitation at 
the D e t r o i t  Tank Arsenal on Thursdqy, January &, 1942, details of 
which w i l l  be announced at the  SubconanitLeo meting. 

3 .  Please indicate on tho attachod form the m o s  of those 
persona from yo* organization who w i l l  attend tho subcommittee 
meo t ing. 

Tor the Prasident of the Board: 

G* L. C o x  
Major, Ordnance Dept, 
Acting Chairmm, Sub- 

Committee f o r  
Welding of Armor 

3 Inel& 
Agenda ( i n  &up. ) 
Roturn form 
Return envelope 

(Inclosure 39) 



Lnborat o r y  

Mr. J, H, Humberstono 
Arcrods Corporntion 
P.0, Box D 
Sp~rrowa Point  , Mnryland 

Dear Mr. hum bar at on^: 

As elxgeeted by the Off ice, Chief of Ordnancel you aro 
invited t o  attend the  mooting of the Subcommittee for Welding of 
Armor t o  bo held at tha Statlor Hotel, Dotroit, Michigan on 
Wednesdqr, January 7,  1942 beginning at 9:00 A. M. 

Mr. 3, Brooker w i l l  invita you t o  sttend the  meeting of. 
the Elactrodo S u b g r o q  on Janunly 6, l g k ,  

A copy o f  the k o n d e .  to bo used at the meeting i s  at- 
tached. Plaaso indicato on the attached form tho names of thoso 
from your organization who w i l l  attend both meotinga. 

Your interest in the activitioe of this Bubcommittee is 
appreciated. 

Tor thc President of the Board: 

Vory t ru ly  yours, 

G o  L. COX 
Major, ordnance' Dept. 
A c t i n g  Chairman, Subcommittee 

for welding of A m o r  
3 Encls* 

k s n d a  
Form 
Envelope 



Laborntory 

Nr. R. M, Hctnnum 
Coast Metals* Inc. 
1006 McKinley Avenue, 5. W. 
Canton, Ohio 

A t  tho request of tho Office, Chief of Orbnslco you 

a r e  invited t o  nttgnd ths msctir i  of t h e  Subcommittee for Welding 

of Arnor t o  be held at tha S t n t l e r  Bota l ,  D c t r o i t ,  Michigan on 

Wednesday, Jasluary 7, 1942, beginniw st 9:00 A, Mr 

A copy a$ the Agenda f o r  the meeting is nttachcd, 

Very t-v yours,  

G. L. Cox 
!+~,jor, Ordnance D@tl 
Acting Chairmn. Sub commit Gee 

for Vclding of Arnor. 
1 Tncl. 
Agenda 



Mr, Joseph Crowley 
Libbey-Owens Ford Company 
Tolado, Ohio 

De~r  Mr. Crawley: 

A telegram haa just baen received from Lt, Col. R, 2, 
Crana, Datro it Or-ce District, asking permission for you and, 
Mr. Micbel Chis t john  t o  attend the meeting of the Subcommittee 
for Welding af  Armor t o  bo held at the Statler Hotel, detroit,  
Michigan o p  January 7, 1942. 

We shall be very glad t o  b v o  you attend and hope the 
meetin8 w i l l  be helpful in acquainting you with the methods which 
amear hoot promising for the fabrication of armored vehiclaa by 
w~ldiw* 

Attached are two copies of tho Agenda POT the moetlq.  

For the President of the Board: 

Very truly ynuro, 

Gc L. Cox 
Major, Ordnance Dept. 
Acting Chairman, Subcommittee 

f o r  Welding nf Armor 
2 Encle. 
Agenda 

(Inclosure 42) 



Laboratory January 17, 1942 

Mr. E, Brooker 
Member, Subcommittee for Welding of Amor 
War Depart me n t 
Off ice, Chief of Ordxmnce 
Industrial Service - Tank & Combat Vehicle Division 
New Social Security Building 
Washington, D, C. 

Dear Mr* Brookex: 

I have just received copies of the transcripts of t h e  
three meetings in D e t r o i t  on the 6 and 7. Yor your information, 
I inclose the original copies of the minute8 of the two subgroups 
for your record. 1 am not sure whether it is yous desire to have 
them reproduced, although I th ink it is unnecessary t o  do t h t  
u n l e s s  you should hcve definite requests from some of the members. 
We fee l  that it w i l l  be unnecessuy t o  reproduce tho minutes of the 
Fabrication Research Subgroup. 

A copy of each of the subgroup meetings was sent t o  Lt .  
Reed at Aberdeen, In order that he might have the  information for 
his immediat~ need, There was nl.so sent t o  Lt. Read 8, copy of the 
tramscript of the main meettng. 

,-We are currently editing the minutes of the subcommittee 
meetings and as soon as they have been reproduced, copios w i l l  be 
forwarded in the usual manner* 

Tor the President of the  Board: 

Very t ruly yours, 

G. I,. COX 
M a j o r ,  Ord. %t* 
Che,irman, Subcommit t e e  
for trJeLding of Armor 

2 Incls. 
Tranltcripta 

( Inclosure 43) 



Laboratory J'WUW 28, 19k 

Subject : Minutes of Meeting, Resear eh Program Subgrow 
Subcornittee for Welding of Armor, January 6, 1942 

To : Commanding General 
Rook Island Arsenal 
Elock Island, I l l i n o i s  

Attnr Mr. J, K, McDowell, C h a i r m a ,  Research Progrm Subgroup 

1. Reference teletyge fram Rock Island Arsem, d a t e d J s n w  
27, 1942, 4640 PM VRC m/m, the minutes of the meeting of tb Re- 
search Prog~am Subgroup of the kbcommitkee for Welding of Armor, 
held at the Hotel Statler, Detroit, on January 6, l9&, are attached. 
Additional copies have a l s o  beon furni~hed Mr. Brooker, Office, Chief 
of Ordnance, Tank & Combat Vehfcln Division, and Lt. W. B. Road, 
Automotive Soction, Aberdaen Proving Ground. 

2* Since tho minutes of tho &in mcoting contained a report f r o m  
the chairman of the subgroups, it is considored Wmakessarg t o  repro- 
duce f o r  distribution tho  transactions of the aubgroqsc Also, in the 
future, it is believed d oeirabla not to make es atenographic recslrd of 
the subgroup meetings, but rather l o t  these meetings be free and open. 
Tho chairma of tho subgroup, or n, secretmy deefgnated by hPm, can 
t a k e  whataver notes m e  necessary in tho prcpmntion of the aiummary re- 
port  t o  be presented at the main meeting, His comments on this proposal 
would be appreciated" 

3, The minutos of tho main meeting h ~ v o  been edited an4 are now 
ready for tranecription, It is desired t o  include in t h i ~ t  transcript 
the arvnmary which the subgroup ehairmon w i l l  pr-per It is therefore 
requested thnt 60 copies of the s7rmmary of tha minutea of the Research 
Program Subgroup be su'Pmittad ns promptly es possible. 

For tho President of the Board: , 

G. L. COX 
k J o r ,  Ordnance k p t .  
Chairman, Subaommf tt ee for 
Yolding of Armor 

I Incl, 
Minutes 

cc: Kr. E, Brooker, O M  
(Inclosure 44) 



Laboratory 

A t  the request of the Air C o q s  a meeting of the Subcamittee 
f o r  bs ia tance  Welding is being schedued-to %e held at the Materiel 
Division, Wright Field,  b y t o n ,  Ohio o n  January 13, 1942 beginning at 
g :00 A.M., E, S,T, 

The Af r Corps bae requested that attendance 6$ limited t o  
as small a number as possible and has asked that only one representative 
attend f rom each indus triaX company. 

Transportation w i l l  be provided at the Vnion Station,  Dwton 
at g:3O R,M. t o  carry those attending the meeting to Wright Field. 

A copy of the Agenda for the meeting is attached, Please 
returq the enclosed form a t  your earl iest  convenience in order that 
completa arrangements can be mde. 

For the  fiestdent of the Bgard: 

Very truly yours, 

GI fi. Cox 
Major, ~rdnance Dept. 
Acting Chairman, Subc!ommittee 

for Resistance Welding 
3 Encls. 

Agenda 
Return  Form 
ReMrn Envelope 



A meeting of tho Subcommittee f o r  fqelding of Axrnor is 
scheduled to be held at the Statlor Hotel,  Detroit, bfichig~n, on 
Smw, March 1, 1942, beginning at 9: jO A.M. 

A aopy of the Agenda t o  be used at the meeting is attached. 
Please ihdicate on the enclosed form the name of the person f r o m  your 
organization who w i l l  attend end return at the earliest possible date. 

In ordor t o  keep the  size of the group as amall aa possible, 
it is requested that attendance be limitod t o  one person from each 
organization whero practicable. 

For the President of the  Board! 

G. Lr COX 
k j o r ,  Ordnance D q t .  
Chairman, Subcommit tee  for 

!Vol df ng of A m o  r 
3 &cls. 

Agenda 
Return Farm 
Return Xnvelope 

(Inclosure 46) 



The eighth meeting of the Subcommittee, held st the Dotmit Statler, 
was conducted by Cole  Zornig with Captain ktthaws  as Secretary. Notices 
wore sent t o  industrial membere (Inclosure 47) and t h e  u e W  letters t o  
Servloe ageneiee. The previous meeting on 1 k c h  1942 marked the f irst  
time that repPessntat3ves of W B  had attended R Subcomrnittea meeting. 
Since it  was considered desipablo that industxy be kept informed regarding 
amlabilitp of materials. the Subcommittee Chairman requested ( ~nclosure 
48) that reprosentstLori from WPB be desfgnated t o  attend meetings. 

The ninth maeting of the Subcornittee, held at the P e t r o P t  Statler, 
mrked the incorporation of the Subcommittee on Resistance Welding as 
the Resistcznce Welding Group. The third meeting of the Resistmce Weld- 
ing Cornnittee waa held at the Detroit Stntler on the day before the 
meeting of the Subcommit tee on Welding o f  Armor as indicated by Inclosures 
49 and 50. Notices to indvstrial members of the Subcownittee on Resistance 
lhlding and the return forme ere indicated by Inclosures 51 and 52 re- 
spectively. A stenotype reporter was not available far tlmt meeting, 

Arr~ngements for tho meetipg of the Subcommittee on Welding of Armor 
are indicated by -Inclosure 53. The Welding Supemkscr, NRC was advfaerd 
o f  the meti arrangements (Inclosure-54). Notices (1 nclosuro 55) and 
Return F o r n ~  ? f nelasuro 56) were sent to tho iniustrinl vemb~rs of record, 
The usqal o f f f c i a  letters were sent t n  Service agencies concerned. 

For theoo meetings two copies of the atenotypic transcript of tho 
discuseions were usually prepared* Prior  t o  preparing this transcript a 
list of attendance was forwwded for use of the ~ltenotypist (Inclosura 
57) %on coaplatiaa nf the transcript the f irst  copy was forwardqd t a  
the Subcormnit tee Secretary (Inclosure 58 1. Upon receipt, aclrnowle8gmnt 
was lllade (Incloewro 59) ~ n d  carbon copy wf th o r i g i n a l  notes was then 
transmitted. This procedure was always followed t o  insure that ono copy 
would be available f o r  reproduction sh0uJ.d the other become l o s t  in 
txansniaaion, After editing by the Secretary the transcript was reproduced 
and distributed t o  the Subcommittea membership. 

In October 1942, a meeting of the Liaison Groups of t h e  Subcomnittee 
on Welding of Armor and the Subcomittee oc Rolled Armor was held at 
Watertnwn a8 indicated by Inclosure 60. At t h i s  meeting the r b f n  topic 
of dfscu~aion was standnrdizntion of armor plate and casting ,composition 
with a m a x i m u m  of carbon by ladle analysis of 0.3&. 



A meeting of the Subcommittee for the Welding of 
Armor is scheduled t o  be held at the Hutel Statler,  Detmit, 
Michigan on Su*, June 21, 1942 beginning at 9:30 AIM, 

A copy of the Agenda for the meeting is sttaohed 
aa well as a return farm and envelope, Pleaae indicate the 
names of the persons from your organieation who w i l l  att8nd. 
I t  is desired t o  l i m i t  the attendance to qne peraon from eauh 
arganization wherever practicable. 

Ror the President of the Bow& 

Very truly yours, 

Hm Ha ZQRNIG 
Colonel, Ordnance D q t m  
Chairman, Su'bcommitteca for 
Welding o f  Armor 

j &CIS. 
Agenda 
Return Perm 
Return Envelope 



Subdect: WPB -rlepreeentstion on Subcommittee for 
Welding of Amnor 

To: Chief of O r h n c d ,  U-S-Ad 
Pentagon Building 
Arl ington,  Va. 

Attn: I ndustrid Service - &soarch and xnginesrhg 

1. To d ~ t o  the War Prorluction Board has not appointed a 
representative to the Subcommittoe for Welding of A-Yr It is 
dosirable that the activities of this committee ba coordinated 
with the WPB organization, and, in t h i s  connaction~ i t  would be 
helpful' if the s m s  person could attond coneis tently. 

2, It is roqueoted that his office contact the proper sec- 
t i o n  of WPB 2nd ascertain if some individual can be so designated, 
I t  fa  particul~xly impoptant t h t  e WPB representative attend tho 
coming.meoting as Topic I1 on the &on& (duplicate copies attached) 
indicates. 

3, Plcnse notify this arssgd as t o  who has been designated 
aad w i l l  attend the meot'ing. 

For the bmmhnding Geaerd: 

E. H e  ZORNIG 
Colonel, Ordnance Dept. 
Diroc to r  of Laboratory 

(Inclosure 4g) 



Laboratory [~'LW) 

WLV/ sck 

September 2 ,  1942 

Mr. J. H, Cooper 
Member, Subcommittee f o r  

Resistance Welding 
Senf or welding Engineer 
The Taylor-pfinfield C o r p .  
Irarren, Ohio 

Dear Mr. Cooper: 

A meeting of the Subcommittee f a r  Resistance Ifelding is 
tentatively ~cheduled  for S ~ ~ t u ~ d a y ,  September 19, 1942, at the Hotel 
Stat ler ,  D e t r o i t ,  Michigan, On Sunday, September 20. 1942, a regular 
meeting of the Subcommittee for 'Welding of Armer will be held also at 
the Hotel Statler in Detroit. 

It is expected that the members of t h e  Resistance 'gelding 
Subcornittee w i l l  attend. the Sunday meetirq: of the Subcammittaa for 
velding of Armor, an agenda for which w i l l  be forwarded as SQbn a8 

wreDared. &cgestio'ne as to i t ~ m r s  t o  be included in the agenda f o r  
both meetinas would be a~praciated. The matter of forming a Resistance 
?'!eldfnp Subgroup of the  Subcommittee for Welding of Armor w i l l  be con- 
s'iderer2 duping the Saturday meeting. 

FOP the Presiaant of- the Board: 

Yours vew trltllyr 

G* L. Cox 
Lt* Col,, Orde =pt* 
Chairmn, Subcommittee for 
Resistance Ifelding 



Laboratory (WLW) 

Subject ! Mes t i r g  of Subcomi t tee  for Resis t m c e  Welding 

To: Assistant Chief 
Mat es i e l  Branch 
Wright Yield . 

Dayton, Ohio 

1. A meeting of the  Subcornittee f o r  Resistance Welding is tenta- 
t ively ejchedwled for Saturday, September lyl 1942, at the Ho te l  Statlor, 
Detroit Michigan. A meeting o f  the Subcommittee for Welding of Armor 
i s  being planned for Sunday, September 20, t o  be held fils0 at the Hotel 
S t a t l e ~  in Detroi t .  

2. A t  this meeting on September 19, the mattep of f o r m i n g  a R e  
sistance Welding Subgroup of the Subcommittee for Welding of Armor w i l l  
be considered, Suggestions as Po items t o  be included in the agenda for 
.bhb meeting w i l l  be appreciated. 

For the President of the Bo~rd:  

Cr. L. Cox 
Lt. kl., O r b  Ikpt. 
Chairrxm, Subcommittee for 
Resis t m c e  firelding 



Laboratory (WLlq) September 12, 19b 

Dear S i r :  

A meeting of the Subcowittee f o r  Resistance Welding is 
scheduled to be held at tho Hotel  Statler,  Detroit, Michigan on 
Saturday, September 19, 1942, beginning at 9:30 A.M. A copy of the 
Agenda fox this meeting is attached. 

On Sunday, September 20, beginning at q:30 A.M. thore w i l l  
be a meeting of the Subcornittee far IVoldSng o f  Amor, t o  be held at 
t he  Ho te l  Statler, Detroitl A copy of the Age& for this meeting 
is also attached. 

As matters w i l l  be discussed which are in the "restricted" 
category, o n l y  menbera of these Subcammi $tees and authorized individ- 
uals w i l l  be nduitted t o  either meeting. 

To facilitate abittsnce t o  these meetings it is requested 
t h t  you present this notice ~t the door. 

It is requestad thnt you kindly Lndicate or the attached 
fQrm whether or not you w i l l  attand e i t h e r  or both Subcornittoe meat- 
ings, and return the farm in the inclosed envelope, 

Par the President of the Board: 

Yours very truly, 

Re turn Involopo - 
R e t u r n  Form 

G. L, Cox 
Lt. W., Or& b p t +  
Chairma, Subcamit tee  far 
Resf s t race  ffelfling 

(Inclosure 51) 
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R , E T U R N  F O R M  

PATE 

(PLUSHI CROSS OUT woRas NOT APPLICABLE: IN TIE FOLLOWING) 

I (WILL - WILL NOT) attend the met ing  o f  the &beornmittse 

for Welding of Armor, scheduled t o  be held st the Hotel Stat les ,  

Detrof t, Michigan, Sunday, geptember 20, 1942, 

lw'a 

TITLg 

I (WILL - WILL NOT) attend the meeting of the 8ubcommittee 

for Resistance tielding, scheduled t o  be held at the Hotel Statler, 

Qetr~it, Michigan, Sat~day, September 19, 1942, 

(Inclosure 52 ) 



Laboratory 

WLw/ ahk 

September 3, 1942 

Mr. Joseph B, Shea 
Sales Mantagar 
Hotel Statler 
De t r o  it , Mi chigw 

Pear Mr. $ha: 

We are sonternplating holding a meeting of o u r  Subcommittee 
for the Welding of Armor, similar t o  past meetings, a a  Sunday, 
September 26, 1942 in Betroit, and wish t o  request acconmodatibhs 
for t h i s  meeting as yau have done in tbe past. It i s  possible that 
meetinge of the various subgrougs of o w  eubcomit tee  may be he26 on 
Soturw, September 19, and we are  requseting each of the subgroup 
chairmen to  get in touch with you if such matinge ma t o  be hela. 
There are at  present f i v e  subgroup of whiah two eubgroups consirt 
of only fibout ten mamberr each. I t  i a  not known at present just 
what plans the eubgraqts may m k e  in connection wf th this  meeting* 

On Sqtembor 19 d s o ,  we are &ling a meeting of our 
hbcommittes for b s i s  tmtr Welding, consisting of ~pproximately 
f i f teen pereons. We would appreciate it vary much if you could 
provide a small koom suitable for the meeting of this subcommittaa 
on September 19. 

We w i l l  cammunieats with you later with regard t o  room 
reservations f o r  indiv idWe who may be attending from this msenal. 

Far the Command& officer: 

Yours very truly, 

G, Lm COX 
Lt, Col., Ord. D s p t -  
Assistant 



Laboratory (WLW) 

nw/ ahlc 

September 10, 1942 

Mr. G. S. MikMapov 
Member, %bcommf t t e a  for  

Welding of Armor 
Supervisor of Welding Research 
National Resear ah CauaS1  
1222 Citizens Building 
CL evelaad., Ohio 

Dear Mr. Mikhalapov : 

Inclosed are copies of the sgendR for the meeting of 
the Suboommfttse for Resistance welding on Saturdayb September 19, 
and the meeCiv of the Subdommfttee for Welding of Armor on 
September 20, both of which w i l l  be held nt the Hotel Statler, 
Detroit, Michigan. It is expected tbt the Subcommittee for Re- 
slotance Welding w $ l i  'bc incorporated in to  the membership of the 
Subcommittee for Welding of Armor t o  function as a Rasistanco 
Welding Subgroug, It i a  suggested that Sf possible it would be 
desirable for you t o  attend the meeting on Saturdrry as well RS 

Sunday. 

W i l l  you ploaee indicate on the attached form whothor 
or not you w i l l  attend either or  both meetings, and r e tu rn  tho 
form in the inclosed envelope. 

For tho Preeidont of the h x r d :  

Yours very truly, 

Q, L. COX 
L t c  Cox., Ord. b q t .  
Acting Chaixmn, Subcomitteo 

4 Incls. for Welding of Armor 
Agenda ( 2 )  
Sub. for Res, Weld. 
Sub. f o r  Weld. of Armor 

Return Form 
Return Envalope 

(Inclosure 54) 



Laboratory (WLW) September 12, 1942. 

Dear Sir: . 

A meeting of the Subcommittee f o r  t'felding of Armor is 
scheduled t o  be held at the Hotel Sta t l e r ,  Detroit ,  Michigan on 
Sunday, September 20, 1942, begtnnfng at 9:3O A.M. A copy of the 
Agenda for this meeting is'attached. 

As matters w i l l  be discussed which, are in the nrestricted" 
category , only members of this Subcomait tee  and authorized individ- 
uals w i l l  be admitted t o  this meeting. 

To facil itate admittance t o  the meeting it is requested 
that you present this  notice at the door. 

form 
the i 

It is requested that you kindly indicate on the attached 
whether or not  you w i l l  sttend sn& return the form t o  me fa 
nclossd envelope. 

For the Chairman of the Subcommittee: 

Very truly yours, 

N. Am MATTWttS 
Cagt,, Ordwnce Dept. 
Secretary, 3ubcommi t t e e  for 
!$el ding of Armor 

3 Incl~r 
Agenda 
Return Porm 
Re turn Envelope 

( Inclosure 55) 



R E T U R N  F O R M  

DATE 

(PLEASE CROSS O U T  WORDS NOT APPLICABLE I1 TI31 FOLLOI~IINO) 

I (WILL - MILL mT) ~ttend the weti% of the  &bcommittos 

for Welding of Alltlor, scheduled t o  be held at the Hotel Statler, 

D e t r o i t ,  Michigan, Sunday, September 20, 194.24 

TITLE 



Laboratory (law) September 26, 1942 

Mr. Merle A, Leader 
Accurate Court Reportere 
414 Ford Building 
D e t r o i t  , Michigan 

Dear Six'r 

In complianca wi*h YOU request of September 24, 

we nro inclosing herewith the attendance list for the metine; ' 

of the Subcommittee for welding of Armor held at the Statler 

Hotal, Sunday, September 20, 1942. 

For the President of the Board: 

Yours vely truly, 

H e  Hr Z O T P Q  
Colonel, O r b  Dept, 
chairman, h'bcornmittee for 

Welding of Armor 
1 Incl, 
Attendance L i s t  

(Inclosure 57) 



Accurate Court Reporters 
414 Ford Building 
D e t r o i t ,  Michigan 

October 10, 1942 

The Commanding Officer 
Mar Depr=rtmcnt 
Watar town Arsenc.1 
Watertown, 

Attention L t .  C o l d  G. L* Cox, Ord- Dept- 

dnclosad yon w i l l  f ind one complete copy of 
the  transcript of the proceadlngs of the Minutaa of tha.meet- 
i n g  of the Sub-commit t e e  for lVelding of Armor taken nt the Hotel 
Stnt lor ,  Detroi t ,  Mlohigan, on Sunday, September 20, at  9:30 
nnd 4:30. 

Wo s t i l l  havo pour  other copy togethor with 
our stenotype & t o a  and t h sy  w i l l  be forwarded t o  you immediately 
whon you acknowlcdgo receipt of the o r i g i n d c  

Th.nkfng you again for the  opportunity o f  
. eeming yotx and trusting you find the  t r ~ ~ n s c r i p t  in good order, 
I m 

Respectfully yours, 

/ a/ Marl e A. Leador 
ACCURATE: COURT REPOXTEtS 

(Inclosure 58) 



Laboratory - GLC 

/ rmd 

October 12, 1942 

Accurate C o u r t  Reporters 
414 Fo llJ. Building .- 

Detroit , Michigan 
. , 

Gent1 omen: 

This w i l l  adknowledge receipt of your letter of 

October 10, 1942 and original copy of  transcript of - the  meet- 

ing of the Subcornittee for Welding of Armor. 
\ 

Pleaao fopward tho ca~bon copy of the transarfpf and 

the o r i g i n a l  notes. 

For the Commanding Off icerl 

Tory truly yours, 

B. He Zornlg - 
Col,, Ord-nance Dept,. 
Director of hbarstory 



- 
Laboratory (NIIM) 

Mr. A, 3, Raymo 
Member, Subcommittee for Welding of Armor 
Supemisor of Welding 
B~ldwin Locomo tlve tforks 
Paech l l  P,. 0, 
Philadellphin, Pennsylvc.nia . 

Denr Mr, Ra.ymo : 

You w i l l  r e c ~ l l  thnt I t  wna ngrend nt the last m e e t l w  of the 
Subcommittee for Welding of Armor t o  eetnblfsh a Lia i son  Grow 02 the 
subcommittee t o  meet with f i  similar ghup of the Subcommittee f o r  Rolled 
Armor t o  discues the mutwl pr~blems involved find a r ~ l v e  at decisions 
aareeable t o  the armor- manufacturers and fabricators, Pour Llaieon 
Group has been selected and conaista of t h ~  fallowing: 

A, J, hymo ( h i r m r t n ) ,  Baldwin Locomotive Yorks (~omogeneous * 

Armor Fabricators' Group) 
L. A, Danse, Cadillac Motor Car Divis ion  (Homogeneous Armor 

Fabrf cators '  aroup) 
B, J. Smith, brmon-Herrington Go,, Inc,  ace-~ardened Armor 

Fabricatore' Group) 
P. H, Merrimn, Glenn L. b . r t i n  Co., Inc. ( ~ i r c r ~ . f t  knufacturers' 

Group ) 
F, A, Lee, I n t e r n a t i o n p l  Harvester Ca. (Resf stance \felding ~ r o u ~ )  
Dr. J. W. Miller, Reid-)&very Company (Blectrode ~roup)  

A meeting of the above two L i ~ i s o n  Groups I n  scheduled t o  be 
held et this arsenal on Thurshy, October 22, 1942, beginning a t  10:OO 
A.M. The meeting w i l l  be attended by the above representatives and eight 
persono representing the Subtommitdas for Rolled krmr. In addition, 
several Ordnance represenbntiveb will attend. A copy of the &en& f o r  
the meetiw is atttrohed, UB w e l l  RU R form which should be completed and 
returned a t  the earliest possible  date. 

Because of gesaline rationing and the t i re  shortage, it w i l l  
be impoeaible t o  provide mtor tmnsportatioa t o  the arsendi It is sug- 
gssted t h t  you detrain at the South Station, Boston, and t ~ k e  the subwhv 
t o  central Square, Cambridge, A t  Central Square you can b o m d  a street- 
car which w i l l  bring you directly t o  the arsene,l. 

For the  President of the Board: 

Yours very  truly, 

3 Incls: 
Agende. 
Return Form 
Re tu rn  Envelope 

( Inclosure 60) 

H. H. Zornig 
Colonel, Ordnance Dqt, 
Cbnfrrnan. Subcommittee for 



* 

Arrengements ware made f a r  the tsath meating of the Suboomm%ttee 
and i t s  Groups through the courtesy of %he Pbiladalphir Ordnanas District 
Off ice (fneloeures 61, 62 &ad 63) .  The nlesting proceeded ss planned and 
appreciation of the co-operetion of the District Offiee was expreased 
by the Chairman (fnclaaure 64). fSt this  period the methods and forms 
used in proparing f o r  and conducting meetings had become standardized 
as indicated Part 1x1, Appendix A, a d  the procedures outliaed kn Part 
111 were generally followed for the remaining seatings of the Submnmittee. 
Acknowledgment of receipt of transcript of this m e t i n g  i s  f ndicated by 
f nclo sur e 65. 

The plans for the elmonth meeting of the Subeommit tee, hdald in h v e -  
land, intended that d a t ~  on f i e l d  performance of  welded armored vehicles 
be disclosed t o  the Subcommittee (~nclosure 66). This obdective was not 
accamplished due t o  lack of available informed pereonnal at this t im- 
Arrangemanta for this meeting were made though the ~ a v u l R x l d  Ordnance 
District Office (~nc~osurec 67, 68, and 69). Stenotype service was a& 
tsined fmm s qualified commsrcial conpany Zn Cleveland by the $ubcon+ 
mittee Secrotaryd 

The twelfth meting of tho Subcommittee arras errranged through the 
courtesy of the Chieago Ordnance District Office (~nclosurea 70, 71, 72, 
and 73).  The thanks of the Subcanmittee for this sdsistancfs were expressed 
aa indicated by Inclosure 74, The trnsurfpt of dSarcusoiona of the sub- 
committee meeting was f o m d e d  ae indicated Inplosuraa 75 an8 76,  The 
first copy of the transcript wae forwarded t o  Office, Chief of ~ r d m c e  
for f i l e  (Inclosure 77) RE was eustomry for these meetings. 

The thirteenth meeting wss held a t  Hotel Peansyloaia, New Yask City, 
arrangements for which were m~de directly with the hotel management. A t  
thie meeting abeervatfons af field performance of welded armred vehicles 
in the North African Theatre of Operations were given, off the record, 'Izg 
k J o r  Pippel, recently returned f r o m  an overseas missinn. Stenotype ser- 
vice wan supplied by a oomercial campany. 

The fowteenth and f i f teenth  meetings held at Ho tsl Cleveland during 
$944 were arranged directly w i t h  the hotel managemeat. S t e n o t p a  service 
was supplied by the =tame comhare%al oompany which bridled the elwenth 
meeting an referred t o  above. The flfteonth meeting on 9 Nove~ber 1944 
was the last regular meeting of the kbconmitter~.  



Philadelphia Ordnance R atrie t W, J,J effr%es/mst 
150 6011th Broad Sfrest 
PhilPdelphia, - Pa. 

November 2, 1942 

Mr. W. L. Wprner 
Welding Engineor 
Water town Arsenal 
Watartown, Mass. 

I)em Mr. W~rner: 

Confirming telolphone converestion today, I h v e  j u s t  concluded 
arrangements for the me~ting of Deceriber 6* 1942, nt 9:30 A.M. in the 
Bollorno Stratford Hotel, Phila, ,  Perm. The luncheon w i l l  ba $1.65, 
f ncluding gratuities. 

Thti mooting k i l l  be hela in the North Tower which is o, nice light 
room ~ .nd  w i l l  bold 150 people comfortably on comfortable chairs. Tho lunch- 
eon w i l l  bo semed is an adjoining room. I have arranged with the Adelphia 
Eleporting Bureau, Adslphie~ Hotel, Philab, Ponna., Par  2 atenotypists at tho 
rates given t o  you in my lettor of Octobor 31, lw. The bureau suggestsd 
that one man wsa sufficgent because o f  his long ~ n d  wide experience in r e  
porting meetings. Howaver, if we thought two wndd be necessary, they mull3 
be glad t o  furnish 2 and thoy are arranging t o  furnish 2 for that *te. 
The notes w i l l  be transcribed nnd delivarod t o  me together with tho stono- 
graphic tape. These w i l l  imadintely be fofwarded t o  you RS soon as I r e  
cofve then. 

?dith regard t o  the meetixgs of the sub-sub groups, if aqy are t~ 
be held, the hotel w s n e n t  suggested tkt if the meetings were s m l ,  t h t t  
some of those concornod pight arrange for a suite,  in which aaee the sP$tiw, 
room would be large onowh for a mosting of 15 t o  20 people. Ample seating 
capacity w i l l  be gsovidea 1I additidnaJ. accomodations aro necessary? It 
is wderetobd, fron o u r  telephbno conversation that tha C h i r m r m  of the sub- 

w i l a  get in touch with m in order t o  mAke tho necessary arrange- 
ments. hie  skrottld be done sufficielatly in a d v w e  so that a small room 
w i l l  be a v ~ i U b l 0 ~  As you know, many small events taka place under hotel  
accommdatioas. I t  is suggested that the. n6tice invite  attention t o  the 
necessity for making hotel reservations early by those who w i l l  arrive b$- 
fore the  of the nesting, 

AEI suggested, I w i l l  arrange for propor security of the meeting 
with guard8 at the doox of the meeting room. 

/a /  W e  J. JXEFFRIES 
Chief Mstallurgiat 

(Inclosure 61) 



Philodelphb Ordnance Ms trict 
150 South Broad Street 

Philadelphia, Pa. 
. - 

1% JJ, Jeff rieo/ms t 

November 25, 19k 

Col. H, H. Zornig 
Chairman, Armor Welding S u b  Commit tee 
Water town Arsenal 
Watertown, Mass. 

Dear Col. Zornfg: 

Thie w i l l  aaknowledge your l e t t e r  of November 21st re- 
gafding the recording of the mtnutes of the Armor Welding Com- 
mittee o n  December 6, 1942. Arrangementi9 w i l l  be maae accordingly. 

I am enclosfng R copy of the schedule of Sub-Comittes 
meetings t o  be held on Saturday, December 5, 1942, you w i l l  note 
that all of the Sub-committee moetings are being held in the Mstrict  
Off ice buildlng and its annex, 1420 !falnut Street. These arrenge- 
ments have been =do because of a lack of knowledge as t o  who would 
sojourn in the hotel ~ n d  thereby makc it possible for the hotel  to 
allocate aome rooms for Sub-Commfttee meetings, I t  i a  t o  be reminded 
also, that a l l  hotels in PMfigdelphis are fair ly no11 arawdod at the 
present tfmo and tha B e l l e n o  Str&ford Hotel ospoc9nlly so. Ths 
several conferanca rooms in tho District building and its annex, 
1420 Walnut Street, are comf'ortable and I w i l l  bo in attendance t o  
arrmgo everything so that  the Sub-Committee rnsotings can function 
smoothly, 

Very truly yours, 

/s/ ti. J. P 3 I E S  
Chief Mo td lurgis t 



Gmm - TIM3 - . PLACE - 

hircraft Armor frabrioators 9:30 A.M. &om 402, 4th ~ o o r  
Col. C, H. k e n ,  Cbirman 1420 Walqut St. 

Faqe-Hardened Armor Fabricators 10:00 A. M, Room 3, 3rd Floor 
Mr. A, 1;. Abbott, Chairman 1420 Walnut S t ,  

Armor I?gb,ri~$tore 10:00 A.M. Rod& 401 
J. K.. McDowell, Chairman 150 8. Broad Str 

Xiectroda 9:30 A.M. Room A, 3rd Floor 
Lt. J. F. -1; Ohairman 1420 Walnut St. 

Resf ~i tance Welding 
J. If. Cooper, Chairmari *, 

Research 
Cox, J, H, Frya 

Specif icgt ions 
&Sox J. ff, Coobbe 

9:30 A,M, Room 621 
150 S, Bread St, 

4:0o P.M.' . Boom 1304' 
150 S. Broad S t .  

8:00 P.M. Room 621 
150 St Broad S t ,  

150 S. Broad Street is the Philadelphia Ckdnance District and is directly 
across the street from the Belleme Stratford Hotel on the northeast c o r  
nar of Broad and Walnut Streets. 

1420 walnut Street is en bffiee building at that addreps just a few doors 
west of  the Bellevue Stratford Hotel on the south side of Walmt Street. 

(Inclosure 63) 



7A!E!!Bm 
Y'3REOUS METALpWRISlP& ADVISORT BOARD WZW/ ahk 

Laboratory ('a~f) Subcamittee on Welding of Armar 

Mr. ?f. J. Jeffries, Men.h~ 
Chief Me tall izgis  t 
P h i l a d e l ~ h i a  Ordnance Dis t r i ~ t  
150 South Broad Street 
Philadelahin, Pennsylvania 

Dear Mr. d~ffries: 

Inclosed is a list of namee of the persons attendlag the 
meeting of the Subcommittee on Sunday, December 6, 19&, far your 
information and the stenotype reporters who took ths notes  of the 
discussions, 

We wish t o  express our apprecsation t o  you and the Phfla- 
delphia Ordnance Die tr i c t  O f f  ice f p r  thr excellent arrangetmanta made 
for the k o u p  meetings on Satueday ~ n d  the 6ubcommPttee meeting on 
Suntby. I nm sure thnt all of' the members of the Subcomitte~  np- 
preci;..te the efforts of you e.nd your xssocintas toward the shcceea 
of the meeting. 

!4e are l o o k b g  forward with a grekt deal of interest t o  
receiving the trnnscrfpt of the discussions in accorda~ce with the  
verbnl arrangement between you o.nd the gecretcryr 

Far the President of the Bocrd: 

1 Incl. 
Lie t 

H. H. Zornig 
Colonel, O ~ d ~ 2 n c ~  Dwt . 
Chairman. Subcommittee oh 

Yelding of Armor 



=US METALLURGICAL ADVISORY BOARD WLW/ahk  

Laboratory (WLW) Subcommittee on Welding of Armor 

December 31, 1942 

Mr. W. J. Jeffries 
Chief Metallurgist 
Philadelphia Ordnance District 
150 South Broad Street 
Philadelphi a ,  Pa. 

Dear Mr. Jeffries: 

On December 19, 1942, your l e t t e r  transmitting the  
original draft of the transcript of the meting: held on December 6, 
was indorsed back (PU 400.171/19. ?/A 334/4132(r) ) acknowledging 
xeceipt of this copy and requesting that the carbon copy and 
~rigfnal  stenotype notes which you were holding be forwarded t o  
ue, 5 t o  the present time we have not received this material, 
and me wondering whether you received this indorsement. 

It is our feeling that the Bdolphia. Reporting Bureau 
did a very good job on t h i ~  transcript, and we desire t o  sa t t l e  
up the account, but the Procurement Division refuses t o  author- 
ize th i s  until the carbon copy and origin& stenot,vpe notas are 
received here, We would very much appreciate your forwarding 
them t o  ue at your earliest convenience. 

1% T W e  this opportunity to thank you f o r  your kind 
u o l l a b o r ~ t i ~ n  and asalstnnca in a r r a n g i ~  the details of the r n ~ e t i ~ .  

Yours very truly, 

?{. L, Warnor 
Sr. IJelding Engineer 
Socrotary, Subcommit t e e  on 

Yelding of Armor 



Wetertown Areenal, Watertown, kssnchusettsr, Decembek 8, 1942 
To: Chief of -  O r w c e ,  U,S. Arw, Wnshington, D* C, Attn: SPOTB 

1. The comment made in pnr~lgr~ph 2, preceding indaraamnt, hr-s bean 
noted and it i s  coneidorad very desirnble thFA whatever information is 
available and can be divulged t o  tho Subcommftte% should be given at  the 
f irst  opportunity, 

2. The next meeting of the hbcbmmittea on Welding of Armor i e  tenta- 
t ively sch~duled f o r  Saturday, Februar~r 6,  1943, ta be h ~ l d  in Clsvelnnd, 
Ohio, possibly at either the Hotel Cleveland, ar Hotel St8tler. depending 
upon the arrangements which can be mads, If pooaible, as suggeeted in pnra- 
graph 3 of precedi% indorsement, S t  is requested t h t  mrangments be m i e  
t o  present the data in question nt t h t  meeting* 

3. More complete Information xeerding  the meeting of the Subcomitteo 
t o n t ~ t f v e l y  scheduled f a r  February 6 will be formuded at a later date  ha 
3OQn ae  arrangomeats have been completed, It would be appreciated if this 
office could be informed aa t o  the person dasignatsd by his off ice t o  pre* 
sent this infornratlan nt tho meeting. 

For the Prosidont of the Baud: 

H. H. Zornig 
Colonel, Ordnance Dopt. 
Chairman, Subconrmi t tae  on 
Welding of Armor 

(Inclosure 66) 



- 
F9BROUS METAL&URGI ChL .,Am11 Sw B O W  

Subcommittee on "felding of Armor  !'JL!~/ a& 

Laboratory (mW) December 26, 1942 

Subject: Meeting o f  Subcommittee t o  be Held in Cleveland 

To: Df s tri d Chief 
Cleveland brdn~nce Dia trict 
1450 Termina Tower Building 
Cleveland, Ohio 

1, It i$ ple,nned t o  hold the next meeting of the Subcommittee on 
welding of Armor in Cleveland on S~turdny, February 6 ,  1943. The usual 
practice has been t o  arrmge with some hotel t o  supply n s u f t ~ b l  e meeting 
room and provide a luncheon f.or tho mid-day menl, the c o s t  of the luncheon 
t o  eover the erpense of the room far  the meeting, Ih this cg.se it is de- 
~ i r e d ,  if poeefble, t o  bold the me~ting at the, Hotel Cleveland, if suit- 
able a r v n g ~ r n ~ n t  can be mde. 

2. The nssistance of his o f f i c e  2s deaired, if poaeible, t o  Rrmnge 
t h i s  meeting ~t the H o t ~ 1  Cleveland on t h ~  above date, and infermetion is 
r~queeted i n  regerd t o  avcil8ble stenotype service which my 'be procured 
for this meeting, It has been metomry t o  utlliae two  ( 2 )  stenotype 
operators t o  record the discussfan which t p k p s  p l ~ c e  during the Subcommit+ 
t e e  meeting, The nrr~ngements for obtaPning these stenotype oper~~tors  
hawe i n  the pnst been handled direct ly  with t he  reporting bureau this 
nrserv~l* In order t o  cto thls  it is necesenry t o  know what re~orting or- 
ganization should be cant~c ted  because clee.r~nce f a r  bridling res  t ~ i c t e d  
rtRta must be arranged, and it is also d e e i r ~ b l p  t o  know the charges which 
nre t o  be made f o r  su& service. 

3. If someone in his organization could be dseignwted t o  hnndle the 
arrangements with the hotel i n  conjunction w i t h  this eraenal f t would be 
e-vprrsclnted, 

l?or the P r e s i d ~ n t  of the Board: 

H. H, Zornilg 
Colonel ,  Ordmnce Dept , 
Chzirm~.n, Subcommit tee on 

\$elding of Armor 

( Inclosure 67 ) 



DI STRI CT CHIEF 

QrEVmiND ORDNANCE DISTRICT, 1450 TERMINAL TO= BUILDIETG, OHIO 

REOURLET 12/26/ 1.12, 1q.A. 734.1 4208, INEYlRMhTION REQmSTEI) RBGiiRDING -NG;E 

MENTS TOR M 3 I T I N G  SO TKnT GROUP CHI1IRMEN MY BE IYl!ORMED AND GROUP I4EETJNGS 

cAa BE ~ R ~ L N G ' E S .  IF DESIRED THIS AR- -E DIRECT ! ~ T H  H O ~  m- 

W D ,  PLEASE ADVISE, IITJDEUTIOB RZGARDING S m T X P E  OPERATORS =QUESTED* 

EXPECTXJI SUBCOM4ITTEE ATTEYDLpxCE AT M3lfl?ING ABOUT 175 AND AD-m TIME IS 

rnQUIREI3 TO PWhRE Am mTD NOTICE m mmIgRs. m. CITE f$BOrnTOBT ZORNIG. 

Edh'PHER, WA'PERTOWN ARSENAL 

MPY - 
CLEVT ORD DIST 1/43 0523202 BSH/MM EXECXTFI~fE OFEICTR CITSEP227 

HOTEL ~ ~ E f D  FOR USE ,OF TKE! EMPIRE ROOM FOR 175 PMPLE, FDR hEETfNG 

OF "SUBeOMMLTm ON =DING OF ARWRIW SATURRAY MORNIFG hm) :-OF, 

FEERUABY 6, 1~143, ~ N G E I & M T S  WE ALSO B= MAXXE FOR A L U N C ~ H  IH THE 

AM0 INXNG ROOM FOR $1.40 PEFt PLATE INOLWDIE Tfi? A D  TIP. NO CHARGE IS TO 

BE MAIE FOR THE EMPIRE: ROOM. HIS QFFICE VILL BE AVTISED L A m  AS TO Sl"EN6F? 

OPERATORS. 



c. o. D. oo1/192 
Attn: IndustrItLL Division 

T&Automtive BF* 
W.A, 334/5320 1st Ind. 

Watertown Arsenal, vatartom, ksnachusetts, k c h  27, 1943- 

Tot District Chief, Chicago Ordnmce Dietrict, First National Bank 
Building, Chicago, f llf m i  s 
Attn: Captain S, C .  Ikseari 

1. With reference t o  perragrrzph 3 of basic letter, tho date  of the 
meeting w i l l  be Saturday, June 5,  1943, It is expected that between 150 
and 175 w i l l  attend this  meeting, and that possibly about 100 individuals 
may aeoire luncl.lsan. Tho axact number who w i l l  attend the luncheon cannot 
be ascertained def f nf tely unt i l  tho registration of attendance is completed 
during the morning of the dey of tho meeting, 

2 A t  those S@jcammittso meetings it is dosirable, and hns beon the  
cuetpm ia the paat* t o  have stenotype reporters present for the purpose of 
taking down tho discussion during tho meeting. If his  of f ice  can W e  
prellmOnaxy arrangements with sons quaif i e d  rqorting company fox this 
service and advise this arsenal as t o  the rates chnrged by such company 
f o r  this kind of work, then f t w i l l  be possible ta in i t ia te  a purchase 
order for the job, It is, of cawso,  necessary that the company selected 
be cleared through G2 t o  be able t o  W d l e  this work because it involpee 
material of n '%r~lstricted'' mture- 

3. The assistance and cooperation of his office in arranging those 
detai ls  w i l l  be very much approcfated. 

For the President of the Bosrd: 

Ha H e  Zornig 
Colonel, Ordnnncs Dept . 
Chairnan, Subcornittee on 

tiolding of & r m o ~  



Fl!ECiOUS b@TALLUIlGICAL AIWI SOW BOARD Warner/ahk 

Laboratory (WLW) April 22, 1943 

Subject: Meeting of Subcommittee on Welding of Armor, 
June 5, 1943, Chicago, I l l fnofs  

To: Dist rlct Chief 
Chicago Ordnance District 
F$rs t National Bank Buildfw 
Chicago, I l l ino i s  

Attn: f n8usf;rial Division, Tank-Butomo+ive Branch, 
Captain S. C. Massmi ' 

1. With reference t o  C.O.D. OOL/Z~~, WdA. 334/5320, & s t  Ind-, 
dated March 27, 1943, information is requested regarding the place 
of meeting and arrangemnts for stenotype raportbrs* 

2. As h a  beon customry in the paat, curtain of the Subcom- 
mittee Groups w i l l  probably plan on meetiag the day before the 
Subcornittee meeti%, and i t  will bo necessary for  this  office to 
no tffy the various Group Chairmen of the time and place of the 
meeting in order that they mny plan meetings of their respective 
groups. $t is desired to inform these Grow k i r n e n  at the stsliest 
possible date and t o  instruct them t o  contact  hie  office in oonnection 
with the arrangements for the ncotings of the i r  respective groups. 

3. The naneo of the Group Ch~irmen a r e  as follows: 

kj, C. McInnes, Chairman, Enstera Division, Aircraft Acmor hbri- 
catorsi G r o u p  - Wright Field 

Mr. H. North, Chairman, Yestern Division, Aircraft Armor Fabricntors' 
Group - Dowlas Aircraft C o w ,  Inc, 

Mr. A. L, Abbo tt, Chaf rma, Face-Hardened Fabricators8 Group, Mebald 
Safe & Lo ck Conpany 

Lt. J. F. Randall, Chairman, Electrode Group, Tank-Autonotive Center 
Mr. J, K. McDowell, Chairnan, Hamgenoous kmox Fabricators4 Gmup, 

Rock Island Arsenal 
Col. 0, E. Kmble, Chairman, Research Group, Office, Chief of Ordnance 
Mr, J. H. Cooper, Chairman, Reaf stance Welding *up, W a r  Produotion 

Board 
Maj. 5. V. Coonbe, Chairman, Speoifications Group, Tank-Automotive 

Center 

It is possible  that some or all of theso Ckirnan will be contacting 
his office, 



4. The sasistancb and cooperation of his office in a r m i n g  
these details w i l l  be v e q  much appreaiated. $he Information above 
requested w i l l  be appreciated at h i s  earliest convenience. 

POT the h s s i d e n t  of the %ard: 

He H. Znrnig 
Colonel, Or&eknce Dept. 
Qlairmn, Subcamittee on 

Welding o f  Armor 

( Inclosure 71 ) 
d 



chicago Ordnnnoe District ~Mnssari/gg 
Ff r a t  H~, t ion~ ,1  Bnak Building 

C h f c a p ,  Ill i n a i s  

f ndustrial Divf siun 
TP&-Automo t ive Branch April 27, 1447 

SUSJECT: Meeting of Subcommittee on Weldiw of Armor. 
June 5 ,  1947, Chfc~go, I l l i n o i s  

TO: Ferroue Metallurgical Advisory BOP-rd 
Watertown Arseml 
tq~tertown, Me.seachuaet t a  

ATTIT: Col, H. H. Zornlg 
Chirmn, Subcommittee on Welding of Armor 

1. Ref erring t o  his l a t t e r  under dpte 'of April 22, 1941, VA 734/ 
5797, this of f i ce  wiahee ta advise t b t  arrangements have been made t o  
hold subject mesting a.t the Palmer House on Saturday, June 5 ,  1943. 

2. Tentative reservntfona hnve been w,de t o  hold t h i s  meeting in 
prfvete dining room No, lb and luncheod In privats dining room No. lg, 
both rooms bsinp adequate in s i ze  f o r  the attendance anticipated. En the 
event thnt previous reservations for these rooma interfere, facilities 
w i l l  be provided in the dining room of the Club Buildfng for the meeting 

' 

and the lounge of the Club Building f o r  the luncheon, a l s o  e.t the Palmer 
Houa e . 

3, The only reason t k t  the f i r s t  location w o u l d  be-preferred t o  
the second is that it is in the air conditioned po r t i on  of the hotel ,  
which may or mny no t  be important early in June. In either case, you 
m y  consf der tha t  sui ta%l e space is available. 

4. The c o a t  of the luncheon, including tax, tips and the use of 
the meeting room, w i l l  be $1.75 per person. This o f f  i c e  w i l l  provide e 
stenotypist  f rom its staff as wel l  an a receptionfst t o  keep a record 
of those  ~ttending the meeting. 

5. As soon as h i s  off ice  advises as t o  any ~ d d i t i o m l  meeting 
room f~cilitfee which might be required for the various Group Cheirmen, 
every attempt w i l l  be made t o  provlde accordingly. 

For the D i s t x i c t  ChSef: 

I S /  5. C. Mmalgrri 
Ceptnin, Ord. Dapt. 
Assis tnnt 

(Inclosure 72) 

For;  5. Em KANALYY 
Chief, Tank-hutow t ive  B r ~ n c h  
C h i c ~ o  Ordnance District 



Subcommittee on Welding of Armor 

Laboratory Eb 3 ,  '1943 

Subject: Meetings of %&committee Groups, June 4, 1943 

90 : Distri ct Chief 
Chicago Ordnance District 
First National Bank Building 
Chicwo, Illinoir 

A t  tn: I ndus trf a1 Division, Tank-Aut omot ive Branch, 
Oaptain S. C. Massari 

1. Attached is a copy of the l e t t e r  sent out t o  all of the 
Subcommf t t e e  &o chairmen, as l i s t e d  in letter sent t o  h i a  of- 2 f i c e  April 22, 19 3 (W.A. 334/5393), calling sttent ion t o  the de- 
sirability of con%actfw h i s  office if arrangements are desired far 
the respective Group meetings. 

Box the .President of the Bowrd: 

H, He Zornig 
Colonel, Ordnance D e p t ,  
Chairman, Subcommit t e e  on 

Welding of Amor . 
1 Incl. 

cc. le t ter  of 
Gmup chairman 



- 8  

J%@BOlTS IQET1US;URGIC4L AWISORY BOARD ~arnar/  ahk 

SYbcommittee on Ifelding of Armor 

Laboratory (WLW) June 8, 1943 

Captain S, CI Maeaarf 
f ndus trial Divf sion, Tank-htoma tive Br. 
Chicago O r W c e  District . 
38 South Dearborn Street 
Chicago, I l l i n o i s  

Dear Captain Mas sar i : 

It is desired t o  take th i s  opportunity t o  thnk 
you and your organization f a r  the excsllent arrangsmento 
made for the mating of the Suboommf t t e e  which was held 
at the Palmer Hguoe on h o  5. Tho mtfvities in con- 
nection with thia  meeting were csrr5ad out very expedi- 
tiously duo t o  the cooporation of your organize5lon, Your 
aeoietance is this matter 5s very much appreciated, and I 
am eure that all tho members of the Qubeommittee who at- 
tended appreciate t h i s  fact. 

For the A'esident of the Board: 

Vary m y  yours, 

8. H, Zsrbig 
Chlonel, Ordnance Ihpt. 
Chairman., Subcommittee on 

Welding of Armor 



W.A. 334/4568(~) 
Cbgo. O.D. 400.273/419 
bttn: Ind. Dfv.,Tank- 

Automotive Br. 1st Ind. Warner/*& 

COO., Watertown Araanal, Watertown 72, Mhssachusetts. 10 July 1943 

To: District Chief, Chicago Ordnmce District* F i ~ s t  Nrttional Bldg., 
Chicago, I l l i n o i s  3. kttn: Ind. Dive, Tnnk-Autbrnotive Bmnch. 

1. Copy of trmecript referred to fn basic l e t ter  has boen received* 

2. Forwarding of carbon copy rind stenotype notes is requested. 

Por the commanding Officer: 

H, H, Zornig 
Colonel, Ordnanc~ D q t .  
Aasistaaf; 

1 Incl .  
w/d 

W,A. 334/456g (r) 
C h g ~ i  0. Dr 400*273/419 
Attn :  Ind. Div., %nk- 

Automa tive Br. 3rd In&. 

GPO,, Watertown Arsenal, Watertown 72, Massachusetts. 20 JU2.y 1943 

Td: District Chief, Ohicm Ordnance, District, First Nat iona l  Bank 
Bl i lg . ,  C h i c ~ o ,  I l l i n o i a  3, Attn: Ind, Piv, ,, Tank-Automo t ive Br. 

1. Receipt of tho m~tsrial rcferrod t o  i n  preceding indorsement is 
hereby acknowledged. 

2, The assistance of his office in preparing this record of tho meeting 
in question is appreciated. 

For the Conunanding Officer: 

H, HI Zornig 
Colonol, Ord* Dept- 
Assistant 

(Inclosure 76) 



R%RROU$ kQXiY&LURGICcCllr AWISORY B U R D  Warner/ a& 

Subaomrnittee on Welding of Armor 

20 July 1943 

Subject: Transcript of Meetfrg - 8ubcommittee on Welding of  krnor 

To: Chief of Ordnance 
Pentagon Building 
Washington, D, C, 

Attn: SWTE - Colonel S. B. Ritchfe 

1. Forwarded herowith is the f irst  copy of the trr-nscrilpt of 
the dfscusaPons at the meeting of the S d c o m i t t e e  held Sn C h i o w  
on Jupe 5, 1943. Thf s copy is forwarded for f i l e  by h i s  off ice, and 
a carbon copy has been retained for f i l e  at thia mrsend,  together 
with  stenotype notes. 

2, A smulry of the dfscussions covered by this transcript 
haa been prepared f o r  die$ribution t o  the membership of the Sub- 
committee in accordance with the procedurs established by all of the 
subcomitteea t o  avoid excess typing and bulkiness of tho minntes of 
these meetings, This aumrserry w i l l  be f~rwardgd in due courae. 

For the President of the Board: 

1 fncl. 
Transcript of meetiag 

B. 31, Zornig 
Colonel,  Ordnance I)eptr 
Chaf r m ,  Subcornmi t tee on 
Welding of Armor 



rnPE1lDIX A 
Part 1-b 

bs i n d i c ~ t e d  i n  Pprt I-R, attend~nce at t h e  f i r ~ t  Subcommittee moat- 
 in^ ~t 7 J a t ~ ~ t o w n  nn3 t h e  s~con i l  fleeting &t Aberdeen Proving Ground wm,s by 
Invitation. This was  lea t o  some extent  true for t h e  third meeting i n  
Clpvpland and the f o u r t h  meeting in Pittsburgh, a l t h o q h  for both of t h ~ s e  
maaFims a tentative membership roster bad been ureppered. Alsa, a t  the 
Cleveland meeting a Reeearcb Progx~m houp h ~ d  been organisad from the 
f~brlcfitor representntion (Icclesures 1 pnd 2)  which marked the beaiming 
of Subcommittee orgnnizntfon ss F working body, 

Durf ng June eind July of 1941 plnns were mde t o  arganite e. Subcom- 
mittee on Resistance Ifelding ( Inclashre  7). At the Subcommittee meeting 
in Pittsburgh, August 22, 1941, a number of companies were Envf t ed  t o  at- 
tend-as suggested either by the Offica, Chief of Ordnance or by repsesen- 
tat ives of companies already members of the Subcommit tee, ht these early 
meetings of the Subcommit t e e  prospective armor fabiicntors or companies 
othsrwise interested in the weltline; of armor pfoblem, ~s indicated from 
time t a  tfme, were elected t o  membershfp by w j o r i t y  vote of those in at- 
tenR~nce .Eit the meetire. As rr result of such r ,et ion notifications were 
sent t o  the  management of the companies favalved (Incloaure 4)- The Of- 
f ice. Chief o f  Ordnance b~ns generally kept infarmed of Subcomit tee  action 
on Ordm.nce Offioe requests by lndoraenent (Inc$osures 5 rind 6). The Sub- 
committee procedure of t h i s  period is ~ l s o  indf c ~ t a d  by f aclosure 7 .  The 
pol icy aa t o  membership ~t this time is indicated by Inclosures 6 and 9 ,  

In nddition there were requests, direct to the Subcommittee halrmn, 
regwdfng nembership which were indlvidwJly hnswered (Inclosures 10 and 
11). This involved considerable correspondence, the volume of which was an 
the increase at this period. 

A t  t h e  f i f t h  meeting in P h i ~ a d e l p b i ~ ,  October 1941, a number of rep- 
resentctivee were invited to attend at request of OCO-Washington (fnclosure 
12). The vote on nerfbershfa of these eomppnies wne treken by correspondence 
with the current hbcommittee membership (Inclosures 13 pnd 14). fk~hen the  
TO t p  hnd been t ~ k ~ n ,  oommunic~tions ( I n c l o s ~ e  15) were sent to the in- 
d i v i d m l s  ref erred t o  ( Inclosure 12). 

The tendency of infiustrinl eomp~nies in such mttars is indicated by 
Incloaure 16. In euch cases R more detailed explanation of Subcommittee 
~ o l i c y  (Inclosure 17) was a l v ~ y s  necessary, In most cases, one explanation 
m s  usually sufficient (Inclosure 18) F?l though such si t w t i o n s  continued t o  
arise as the Subcornmi t t e e  me~bershfp exp~.nded. EEch was individual1 y and 
diolom~tic~lly dee.1 t with. 



Laboratory June 26, 1,941 

Subject: Research Program Subgroq 

To: Conmending General 
Rock Island Arsenal 
h c k  f eland, I l l i n o i s  

1. At the meeting of the Subcommittee f ir  V e l d i q  o f  Prmr 
held in Cleveland, Ohio, June 20, 1941 I t  was indicated that a Re- 
search Program Subgroup should be created within the subeonrmittae. 
The specif ie problem would be t o  crit ically examine the research 
and developmoat program of this  subcdmmittee wfth a view t o  a thorough 
examination of the projects M W  underway, the indication of asZditio& 
projects which should be undertaken and s u g e s t e d  allocation for work 
t o  be done. 

2, Accordingly, at this meeting A SUbgroup, as mentioned, m a  
named. This Subgroup cons i s t s  of representatives of the six fabrica- 
tors as follow83 

A, 0. 3mf th Corp., Milwaukee, Wisconsin 
Baldwia Lo como t ive Co. , Eddye tone, Yennsylvanla 
msotra-motive Corp., LaGrange, I l l i n o i s  
Dfebold Safe & Lock Ca., Can.t;on, Ohio 
Y ork Safe & Lock Co , , York, Pennsylvania 
h r i c a n  Car & Boundry Co., Canton, Ohio 

together w i t h  at representative of Rock Island Arserd and Watertown 
Arsenal. I t  was suggested that the Rock Island drsens~l reprosontative 
ba w e d  as chairman of this Whgroup. This appeared especially de- 
sirable in view of the fect that the matters t o  be coasidered deal 
largely with research mattera pertaining t o  productton and the exY 
perisnae Rock Islend brsesal has had fn this  f i e ld .  

3. It wqs the consensus of feeling aLthe meeting that tbPs 
Subgroup should meet ehortly t o  consider a coordinated research pro- 
gram and make xecanmendatians t o  the comuittae as a whole for coneridera- 
t i ,an of the projects .proposed. b. W. F, Schmitt and Mr. J, F, Mchwell, 
who attended the meeting from .Rock Island Arsenal, are familiar with the 
vfaw of the subcomittae on thie natter. The subconnit tee  recommended 
that MP. W. B. Schmitt of h c k  Island Arsend be the one t o  aseume chair- 
nanship of this Su't>gmup. In view of the recommendat$on of the subcop 
mi ttea, it is requested that he or some other qualified civilian or 
officer whom you i m ~ ~  apecify be permitted t o  seme in this capacity. 



4, &rly advice on this matter, together wf th f nforntigb,  a8 

t o  the date wheh the Subgroup meeting could be held, would bs apgrs- 
cisted, A copy of the ntnutes of the meeting he ld  in Cleveland, June 
20 w i l l  be forwarded as roon as prepp-red. A copy of n letter t o  the 
Office, Chbf of Ordnaoe under date of June 25, which gives a sumnslry 
of the discussione st the meeting, is attached. 

1 Incl. cc latter 

R. W. CASO 
Brtgadier &nerd ,  U, S. Army 

President, Ferrous Metallurgical 
Advisory Bo~lrd. 



Watertown Arsenal, Watertown, Kdaaachusetts, July 9, 1941; 
To: Commading General, Rock Iala?d Arsenal, Bock I s l d ,  p I l l i m i ~ r  

1. This arsenal is p l e ~ a e d  t o  noto that the arrwngemente suggebted f a  
basic la t t er  arc aatiofactory to Rock I s l m d  Arsend and that Mr. Schmitt 
can net, at least to a l i m i  tmd extent, in tho capacity suggestsd. As out- 
l ined in the preceding indo~somsnt~ it is believed that, due t o  the nature of 
the work fnvolved in the Subgroup, Mr. Schnitt will be in position t o  handle 
it effectively, This is duo t o  the fact that it wa~s intended tb.t thf s sub- 
group examine the raaearch and development progrm, which wsre sttachad. to 
the ngerzdum f o r  the meeting of January 21, 1941 held at Aberdesn P r o v i ~ g  (hound, 
and mdce reconmendations ns t o  reaenrch hnd developrn~nt work which should be 
undertaken, the plnce or places where this  work eould most readily be aoco* 
plished (including Ilock Illand Areollh3 and Watartown Arsenal and the fndustriel 
firms) and r a p o r t  i t a  findings t o  the Ifelding Subcommittee as a whole, The 
recommendations of the Subgroup would then bo ravtewsd by tho whole Subcow 
mittae and the dfrection and suporvision of the work would fdl. within the 
sphere of its activity* This, therefore, would relieve the Subgroup chair- 
o f  the responsibi l i ty  for direction of the reeensqb program ~d f a r  t hn t  reason, 
it is bolisved the time which Mr. Schmitt nay have ~vai lable  for the Subgroup 
activity wnrk, aa referred t a  in preceding fndaraemnt, would be nslrplb. 

2. In view of the discussions nt the neeting nf the Subcamittea for 
Welding of Arnox) held at Cleveland June 20, it is belf  eved tbt  a meeting 
of the Subgroup slhould be held nt the eml i ea t  b t e  practicable. It 18 there- 
fore suggested Lhat the Subgroup chairman arrange f n r  such &# meetin$, tbe time 
and place t o  be nt h i s  discretion or ae nay be decided by Rack Islmd Araerml. 
The following im'Iividur21.s are rqresentntives on the Suboomfttes for those 
firm indicated in paragraph 2, basic l e t t e r  who constitute the industrial Sub- 
group members: 

J. J. Chyle - A. 0. Smith Carp* 
A. J, %no - Bddwin Locomotive Cn, 
J. H. Hruska - ELectronntiva k q r  

tJ, C, Miller Mebold Snfa Car 
W, B, L a i ~  - York Safe &Lock COO 
W, C, Osb - American C a r  &Foundry Car 

Mr. fi. Varnei, Welding; Engineer, is the representative fnr Watertown Arsenal. 
f t is requea ted thnt this a~senal be n o t i f  fed, as far in advace as practicrrtble, 
of the date and place for the Subgroup meeting. 

3. It is expected that the minutes of the meeting held at Cleveland on 
June 20 can be forwarded to Rock Island Arsena3 on or bafnre Julp 16. drOr 
additional materid available ~t Watertown Arsenal which the Subgroup chairman 
m y  need w i l l  be furnZshod upon request. 

R. W, CASE 
Brigadier General, U. S. Army 
President, Ferroue MetaZlurgical 
-535- Advisory Board 



Watertown Arsenal, Vatertown, bssachusetta,  July I, 1 ~ 4 1  
To: CWef of Ordnance, U.S.A. ,  '"lashington, Dm C. 
Attn; Artillery Divf  s ion  - Technical S t a f f  

1, The facilities available a t  Philadelphia referred La in paragraph 
1 of basic letter are noted with interest and it i~ thought t b t  ddvantage 
can be efficiently taken of these facilltias by the proposed subcommittee 
on renistanae welding which i e  in process of farmation. It is bel ieved that 
act ion on the request in paragraph f of basic l e t t e r  ahould be held in abey- 
ance for dons iderat fo~  by the resistance welding subcommittee. 

2, The fallowing members of the flesibtance Welder Manufacturers Ae- 
s o c i ~ t i a n  are being invited t o  become members of  the Stibcomittee on Re- 
sistanae Ye?.ding of the Ferrous Wetallurgicnl Advisory Board: 

T ~ ~ l o + ' ~ i n f  ield Cora, , Tv~rren, Ohio 
Thornsoil-Gibb Electric !$?~lding Co., Lynn, Mass, 
Faflerrel h c h i n e  P? "Telder Co., 'amen, Ohio 
Pational %retrfa ?Velding Machines 60, , Bay City, Mich. 
Progressive Velder Co.,  Detroit, Mich. 
&lft Electr ic  %l&er Detroit, Mich. 

There w i l l ,  b f  course, be representation from the Office, Chief of Ordnancet, 
Rock f $land ArreW, Aberdeen Proving kound, and ftatertown Arsenal, f t is 
coaemplated t o  iwita the @enera1 Electric Ca. t o  designate &- R e  T. 

' Gil le t te ,  6cheaeote  Works Laboratory, an authority on spot wsiding, as a 
member of the subcommittee, He attended as invited guest the recefit meet- 
ing of the hbcommittee for ?!elding of Armor held Pn c l eve l~nd ,  Qhia. 

b 

3. It is suggested tha t  the question of permitting Mr, Bidd811 t o  offer 
his sa*ices t o  the subcommittee be left t o  the decision of the subcommittee 
on which his company w i l l  be repreeented* 

Inc l .  - v/d 
cy.  l t r ,  fr. D. JI Riddell 
0.0. b0.273135 

R. !f. CASE 
3rigadier General, U, S*  Arw 

Co mmandi ng 

( Inclosure 3) 



August 30, 1941 

Mr. E o  J. Hunt 
Operating bhagsr 
T k  tro  it Tank Arse~r.1 
P.O. Box 1258 
D e t r o i t ,  Michigan 

A t  a meeting of the Subcommittee for Welding of Armor, held 
in Pit tssburgh, Ponnsylvn;nh, Axus t 22, 1941, the Chrysler Corpomtion, 
ns represented through the Detroit Tank Arson&, was suggestad f o r  
membership on the * Subcornmi ttee. The suggestion was unanimously ap- 
proved, and it was understood frbm Meessra. Dodt and Blake, who were 
in attendance at tho meeting, that membership was desired, We nra 
ple~sed t o  have your  organization, as a rnambor uf the Subcommittee, 
participats iq those activities. 

It is requested that you designate the p r s o n  t o  be the 
official representative in this connection and who i a  t o  Tsoelvo 
correepondence pertaining to the work of the Subcommitteer 

It is t o  be noted th,t some of the  ~oprespondence s?nd rw 
ports a r e  of n restricted or confidential  mture, and it is a s s u e d  
that the ona deslgnnted t o  receive thia matarin1 w i l l  safeguard it 
in the proper manner. 

Very truly yours, 

R. W. CASE 
Brigadier Genesd, U. S, Army 

President, Ferrous Me tnllurgicd 
Aaviaory Board 



.._._ 
0.0. 33444955 
!{.A. 374/1950 1 s t  Ind. ?IbTnT/ hTAM/ k eb 

'rJatertown Arsenal, Tf~,tertown, %ssachus~t ts, Se~tember 22, 1941. 
To: Chief of Ordnance, U.S,A., Iiaslzinpton, D. C. 

bttn: Industri~l S e n i c e  - Tank Division. 

1. In ~ccord.p,nce with custamry subcommittee arocedure, t he  comp~tqv re- 
ferred. t o  in b ~ s i c  latter vill be considered for membership ~ . t  the next meet- 
i n g  o f  the  subcommittee and the comr,aRy w i l l  be na t f f i ed  o f  cammfttee action, 

2. The A i r  Reduetian Sales C 0 r n p . q ~  is being no t i f i ed  directly of the 
a c t i o n  being taken with respect t o  its membership, 

For the Commanding Oenere.1: 

S, B, Bi tch ie  
Lt. Col., Ordnance Depth 
Director of L a b o r ~ , t o r ~  

I . (Inclosure 5)  

1st Ind. 

I 
IVatertovn kysenel, %tertowni kasachusebts, a c t o b e ~  Q ,  19Ll 
To: Chief of Ordnance, U. S.A. ,  Vashington, I)+. C. Attn :  Indudtrial S e n i c e ,  
Tank Divis ion 

1. In accofdanco with Customary procedure, the Subcommtt tee members are 
being contaated with referenbe t o  membership of the firms listed in baeic let- 
tor. The two companies .are baing not i f  l e d  accordingls. 

2. y4Jith reference t o  the Oxweld h r p o r ~ t i o n ,  it is believed that they 
>re interested primarily in gas welding. So f ~ r ,  t h e  Subcommittee for bid- 
ing of  hrrno~ hae membership only of  those firms concerned with e lectr ic  
fusion welding. I t  i a  pvss$ble that an ~ d c l f t i o n a l  group should bs organized 
consistinp excluslvel$ of firms intweeted in gne weldingl such as was the 
cnse for resiat~ncs welding, Comments f rom the  OfQica, Chief of  Ordnance on 
this  matter would be ~pprtcifited. 

Bor the Commanding G e n e r ~ l :  

S. 8. Ritchie 
Lt. Col. ,  Ord. Dept, 
Director of  Laboratory 



Laboratory 

Mr'. R. D. Tho'mas, Jr. 
Member, Subcommit tee  for 
Welding of Armor 

Metallurgist 
Arcos Corporation 
b1 'Nor t !~  Broad Street 
Philadelphia, Pennsylvania 

Dear Mr, Thomas: 

This acknowledges receipt of your letter of 4ugust 28 
confirming our diacussfon at the last meeting of the Subcommit tee 
for I!relding of Armor in reference t o  the possible  membership of 
the Reid Avery Company on the subcommit tee. 

In accordance with our u s u a l  practice, we are asking 
the individual members   OF their recolnmendations on th i s  matter. 
I trust we w i l l  be in a position a t  least t o  invite a representa- 
t ive  f rom the b i d  Avery Company t o  attend the next meoting of 
the subcommittea. Your intorest in this matter is appreciated* 

For tho President of the Board: 

Vary truly ' yours, 

S. B. Ritchie 
Lt. Col,, Ord- hpt -  
Chairman, Subcommittee 
for Weldlng of Armor 



Laboratory 

SBV 9mg/kg 

October 9, 1941 

Magor D o  Jt Crawford 
Indu~tr ia l  Servico, Tank Combat 

Vehicle Division 
bff ice ,  Chief of Ordnance 
New Social: Security Bldg. 
bh S t ,  80 Indopendenbe Ave., 5.W. 
Washington, D, C. 

b a r  Crawford: 

In correepandenca we have had with the Pul lmn  Standard 
b r  %nufactwing Cotttpany, they have indicated that you are desirous 
that they g e t  in to  the uelding o f  armor. They a l s o  indicate that 
they have already placed ordbts for experimental welding of hulls 
of the M3 Medium l e e ,  and that the work w i l l  be undervay in the 
very near future, 

As you probably b o w ,  we have attempted t o  keep the Sub- 
committee within a re&sbnable eize and have more or l a s s  restricted 
membership t o  those fi- actually engaged in the welding of armor 
*or qualified for it, and t o  those electrode manufacturere who are 
engaged on dooolopment work d o n g  this line. We, of course, mt t o  
include all thoae firms who ehbdd hhvs membsrsbip in order t o  make 
the Subcommittee most effective and serve t o  beet advantage, 

Please let me have your  comments and recomendntinns as 
to whether or not the P a l m a s  Standard Car Manufacturing Company 
should be included on the FaibcommiCtee o r  at least invited t6 the 
next meeting whtch we plan t o  hold in Philadelphia on Oatober 24th. 
1 tmst you w i l l  be able also tn jo i r .  ea at  this mesting, 

Sincerely yours, 



War Department 
Off ice of the Chief of Ordmncs 

Ind. S e n  - Taxlk Diva Yashiagtdn 

Colonel S. B. Ritchie 
Director of Laboratory 
Watertown Arsenal 
ldatartown, Mass. 

Dear Sam: 

Receipt of your l e t t e r  of 0 ctober 9, 1941 I s  aekeowled&ed re- 
garding the advisability o f  placing representatives o f  tho h l lman  
Standard Car knufacturing C o n p r q ~  in tho momberehip of tho Subcommittoo 
for Voiding of Armor. 

Wo realize that your Commit t e e  is already larger than deelrable 
f o r  the rnost efficient fietion but the number of contractors interested 
in producing welded tanks nnd o thor  vehicles is growing daily. From 
one viewpoint, all  of theso concerns should have an opportuaity t o  
voioo t h o i r  opinions concerning Ordnmco Department roquirsmonta in  
the welding of mmor. Likewise, t h e  eloctrode m~nufacturars should be 
repreacnted but obviously, if d l  contractors concerned are Pl lowod t o  
have represantativos on the Committee, your group w i l l  be much too  
large. Hence, it appears desirabJe to  divide the membership into groups 
xo f o l l o ~ :  

& bnufacturor*s of mst asmor concerned with weld repair 
castings* 

b, Welding contractors interested in mkiw welded mterie l*  - 

A t  tho prosent time, group p meets with both p and a b ~ v e .  
Furthermore, the cloctrode maaufacturers do perform FL uaofu l  function 
at these meetings but i t  is believed thiit groups 2 ,and 3 can porforrn 
their expected function without thc pressace of group g. IFp t o  this 
time, tho O r h c e  Dqnrtment avoided that policy regarding 
electrodes which baa been adoptod by tho Navy Department. As you know, 
the lattor h,zs an eloctrode qualif fcation t e a t  which is mot by 25-20 
only, I think you w i l l  agreo with me that other stainless electrodeo 
will be found mitable for welding of armor, hanco, the Wax Dsp~.rtmant 
would be unwise to adopt the present Navy polfcy, but in order to 
insuro qualfty wolds in our equipment, it appear8 tb.t we shall soon 
h v o  to assomble all wo know about electrodes and develop somo sort 
of electrode qualification tests.  



It w i l l  be awrecintad tf, on your next visit t o  Washington, 
you pay us a, visit in tho Tank Division 60 we can discuss these 
various nnglea that me opshing up as the result of the increased 
activity in the construction of welded mntePi@l. 

Sincerely yours,  



q/ e 4 k t 3  

October 9, 1941 

Mr. B, J. Trautman 
Chief Engineer 
Pullman Standard Cer Mfg. bmpany 
Hamrnond Plant 
?hmmond, Indiana 

Dear Xrr Trautmn: 

Tho mettar w i t h  respect t o  mocbership on the Subcommittee 
for Welding of A m o r ,  as referred t o  in your le t ters  of Saptenbar 4 
and 5 has been referred t o  tho Subcommittoe members, and you w i l l  be 
advisod prior t o  the next neoting with further referonce t o  t h e  mat- 
ter .  

We appreciate your in t e res t  and t rust  tlmt you w i l l  have 
a represantative at the coming meeting, the date f o r  which it is ex- 
pectod ccu be submitted t o  you in the near future, 

For the President o f  tho Bo~.rd: 

Very t ru ly  yours, 

S, B, Ritchfe 
Lt. Col., Prd, D e p t .  
Ck? i rmm,  Subcommit tee  for 

Welding of Armor 

(Inclosure 10) 



Laboratory 

- 
=/gm 

October 22, 1941 

Reid Avery C4qfiw 

Bttn: Mr. John W. Miller 

Gen t 1 erne n: 

A meating of the Subcommittee for Welding of Armor i a  
scheduled t o  b e  held at the Penn Athletic Club* Philadelphia, Pa, 
on October 24, 1941, beginning at 9130 & M e  

.It is understood tbt you degire membership on this 
subcorwitteo. You invited t o  8 an& a representative t o  tho  
coning mesting. Please advise the name of t h e  representative, 
if any, who w i l l  attend, 

A copy of tho Qonda for tho meeting is attached* 

For the Pr'esident of the Board: 

Voxy truly yours, 

S, B, Ritchie 
$ t n  Cole, Ord* D ~ p t *  
Chairman, 3ubcommit t e e  
for Welding of A m p  

(Inclosure 11) 



I! 

@ W e  Depnr tneet 
0.0. 334.81 6669 Off ice  of the  Chicf of Orrtnance 3rookerlmb~ 

Washington 
In&. Serv - Tenk Div. 

Octaber 20, 19hl 

Subject: Subcomnitt;es for Walding A m o r  - Membership In 

To: Co-nding General 
\ktertown hrsend 
irfht ertown, ks8. 

At tn: St, Colonel  S. B. Ritchie 
Director of Laboratory 

1. This is t o  confirm a teleWpe from thia office dated 
October 15, 1941 and conply with tho request in your tele$ypo of 

I 
October 16, 1941 - ia:48 A.1.i. EST JC SBR/C%k Following ,we the 
nmes pad addresses of r.mufacturers l i s t e d  in OW teletype of 
October 15, 1941 - 9:Og b,M., Btk ins / l tn :  

a, 14r. C, E. Sorenaon - 
Ford Mottor Co q a n y  
Dotroit, Michigan 

b. Mr. E. h q h y  - 
Pressed Steel C n r  bmpnny 
Hegoswich Sta t ion  
Chica+go, f l l f  nois 

c. Mr. B, 3, 'l'rautm~~~~ - 
Pullman Standard Crx Mfg, Compa~ly 
h a o n d ,  Indiana 

d, Colonel H, W. R o b  
IC 

Dotroit Tank Arsenal 
P. 0. Box 537 
~ e t r o i  t, Michigan 

a, Mr. R. B, McColl - 
ber iaan  Locono tivo hnpany 
30 Church Street 
New York City 

g, Mr. A. J. XagPo 
Baldwin Locomotive Works 
Eddys t one, Pennsylvania 



To: Watertown Arbenerl 
(Colonel S. 3. Bitchiel 

October 20, 1gb1 

h. Mr. H, W. Snyder 
I 

Lima Locomotive Company 
Lima,  Ohio 

i Montreal Locomotive Co-w 
a* 

P. 0 ,  Box 1350 
B l s a e  DIArmes 
Montreal, Quebec 

811 of the above should be members of the Subcommittee on Welding. 

2. In addition, the following mpuluPoctureref names ore recom- 
mended to  you f o r  membership on the kbcommittee f o r  Welding Brmor. 
These, as well as the above, should receive agenda and invitations 
t o  the met5q in Philadelphia on October 24, 1941; 

j4. Mr. Y. W. Whitmer 
Repub1 i c  S t  eel b r p o  rat ion 
Maaaillon, Ohio 

b. Mr, D, S. k d e ~  
C 

Pisher Body Division 
General 14.0 tors Corporati on 
General Motors Building 
Detroit, Michigan 

q. Mr. B e r w d  
Omeld Corporation 
Chlcwo, Il l inois 

4. Mr. Charles 8. Lansing 
322 h i s f  i e l d  Building 
Cleveland, Ohia 

e. Mr. 0. T. Penn - 
1 n d i . a ~  Z;imestonc brporst ion  
Colorado Building 
Washington, D. C* 

% order of the Chief of, Ord-e; 

(Inclosure 12 



0 Laboratory 

November 12, 1941 

At the last meeting of the Subcommittee for Welding 00 Armor 
held in Philadelphia, Pa,, on October 24, 1941, representatives from 
several firms anticipating the building of tanke and electrode manu- 
facturers who are working on the general problem of welaw of amor 
were in attendance a t  the suggestion of the Ordnance Office. 

The fo l lowing  companies me expected t o  become fabricators of 
welded tanks and should, therefore, be added t o  the subcommittee rnembershJ3~: 

Yord Motor Campany 
k'isher Bokv Division, General Motors Gorp. 
Sfma Locomotive Coetpany 
Pullman Stanbrd C a r  Manuf acturf ng Company 
Pressed S t e a l  Car company 
Cedi1 lac Motor Car hmpaqtr 
American Locomotive Company 
Graver Tank bufa&turing Company 

The fol lowing companies 81 electrode or welding eqyipmeat,sup- 
pliers have been experimenting with the welding of  armor and a h o ~ l d ,  
therefore, be considered for momborshippt 

Lfnde A i r  Products Company 
A i r  Reductfoa W a s  Company 
Champion Rivet Company 
Crucible Steel Company of America 
General ELec tric Company 

Please indicate on the attached form and return at Yqur earliest 
convenience any objections you have t o  adding the above firms t o  the 
membership of tho subcormnittee. If no obJectione a r e  reoeived, within t w r  
weeks, these companies w i l l  bc invited to designate repro~@ntatives. 

For the Commanding Officer: 

Very truly yours, 

G o  L* COX 
Ibjor, Ord. Dept. 
Acting D i r e c t o r  o f  Laboratory 

Xncl . 
Fa rrn 

(Inclosure 13) 



Ordnance D ~ P P X  tmant 

Ferroyo Metdlurgfcd Advisory Boar4 

Subooaunittae for W e l d 3 ~  o f  army. 

Fabr icartors, - Yeo 

Pord Motor & r  
Fieher Body krp* 
Lima Locomotive Co. 
Pullman Standard Gm Mfgr C O ~  
Paesaed Steel Can. Co. 
Cadillac Motor Car Co. . 

American Locomat ive CO L 

-Graver Tank & Mfg. Oa . 

Linds A.ir Producte Co. 
Afr Reduc*ion Salea Co. 
Chnmpion Rivet br 
Crucible Steel Corn of b r i c a  
General Electric Co. 

Signed 

ht e 

(Inclosure 14) 

-528- 



Laboratory 

December 5 ,  1941 

Mr. B. J, T r a u t m  
Chief Engineer 
Pu l lmn  Stn.ndRrd Car & Mfg. Co, 
Fhnond Plnnt 
k n o  nd , I ndic.nn 

Denr Mr. Trautmn: 

Since the last meeting of the Subcornittee for Welding of 
Armor, yow f irrrr hne been approved for mmbership on the eubcorsmittee* 
It is our desire tb.t you deeignate a t e o h n i c e  rqresentwtive t o  
serve on the cornittee and forward to h ln  the attached minutes'of 
the last meting for information and f ilo as well as return of the 
a t t ~ c h o d  receipt forn .  

fVo are looking  forward with interest to the co-operatfon 
of your f i rn  in the act iv i t ies  of the subconni$tse, 

For the Comaad~ng Offi eer: 

Very truly mure, 

G, L. COX 
Major, Ordnance Dept. 
Acting Df rec tor  of L~boratory 

3 Xncls, 
%po rt 
Fo rn 
Envelope 

( Inc losure  15) 



FUl-n-Standma Car Mamfacturf ng bnpaw 
HABunond Plan t  
Hammnd, Ind. 

Subconmi t t e e  o n  Welding of Armor 

December 11, 1941 

G. L. Cox 
Major, Ordnance Pep&tnent 
Aot ing D i r k c b r  of Labbratory 
WAt er town k s o f a l  
Watertown; Mass. 

We have your letter of December 5, 3941 informing that 
Pu&lmn-~tAndhxd Om h u f ~ c t u r i n g  Cornpaw has been 
approved for nernbsrship on the Sibcomf ttee for Welding 
of Armor. 

gi~dly recognize the fo l lowing as memberr: 

R, M, Fox 
B, J. Trautmn 
Wm. Boese 
Wm. Be3nhardt 
W. NlW 

nlso ,  2 .  C. k s s e ,  and A* A, Bernard of the Oxweld hi lroad 
Service, Chicago, as recognized members or attendants at 
meetings as our conrultmtar 

Thank you kindly for your consideration, 

/a /  B. 3. Trautmn 
Assistant Works Manager 



Laboratory December 20, 1941 

Mr. B, d. Trautman 
Assistant Works' Manager 
Pullman-Standard Car Manufacturing Co. 
h m o n d ,  Indiana 

Dear Mr, Trautman: 

TIe asknowledge y o u  l e t t e r  of December 11 in which you 
indicate representatives on the Subcommittee far  !4elding of Armor. 

Wblle we should l ike  very nmch t a  have the people you 
have suggested as members, we f i nd  it is necessary t o  limit the 
membership t o  one representative from each company t o  whom c o p  
respondence can be conducted. Pue to the highly restricted 
nature of the activities of the subcommittees, it is also neces- 
sary that one person should be responeible fbr keeping al l  
transactions and documents such as minutes of mestPngs, reports, 
etc, These subcommit tees are becoming quite large and it is 
mandatory that tho membership be limited t o  an efficiently funw 
t ianing group. 

!!e swl, therefore ,  appreciate yqur des'ignating one 
repreeentctive f rom the list you have suggested. 

Por the President of the Board: 

Very truly gours, 

G. 1;. COX 
Major, O r ~ c e  Dept, 
Acting Chairman, Subcommittee 
for Welding of Armor 



-loan- Standard Car Manufacturing Oompnn~r 
~bmmond Plant 
Hammond, h d .  

G, 2. COX 
Major, Ordnance Depnrtmeqt 
Acting Chairman, Subdommf t t ee 
for Welding of Armor 
Wat cr town Araeml 
Water town, Mass 

Your l e t tcr  of December 20 regarding 
repre~entatian on the Subcommittee for hiding of Armor, 

To c a q l y  with yaw fequest t o  submit 
but one representative from each coqeaq, w i l l  you kindly 
racognfze - 

B. J. Trautmn, Assistanb tforks Manager - member. 

Wm. Boeos, Welding Engineer - .sL ternate member. 

T h a n k  you .for your cons idera tian* 

Yours respeetfullyi 

/a/ 8. J, Trautmrrn 

Assistant Worka; Mamger 



Shor t ly  af t.er the first of the year 1942 a change of organization 
at Rock Island Arsenal required t h a t  the Chairman of the Research Pro- 
cram Group, now the Armor  -~abricatara' Group. sever hie connect i on  with 
t h e  Subcommittee activities. A pro~osa l  for  replacement was made (In- 
closure 19) which ttaa approved by Rock Island Araend. 

&rly in 19k' the po l icy  of permitting i n d u a t r i ~ * l  comp~nfes to 
desien~te F n  qlternnts in nddition t o  a regul~r member was adopted (In- 
closure 201, During the summer of la& it WFFI reuognized tb,t mnufnc- 
turers of core wire for etr in less  electro&es used in welding armor ~ h o u l d  
hnve F. better understma-ing o f  some of the welding brablems lnyolved In 
armor fnbr icn t ion  nnd s t e ~ e  wore inken t o  bring c e r t a i n  of them i n t o  Sub 
committee nctivities ( ~ n c l o s u r e s  21 pad 22). 

As tha Subcommittee was now r ~ . ~ i & l y  incree,sing in size rind r ~ p r e s e n t ~ . ~  
t i o n  from vrxious branchas 03 t h e  welding industry was being added for co- 
ordination of e f fo r t  in the welding of =?nor problem, it ~ p p e ~ r s d  d o s i r d l 0  
t o  merge the  Subcommittee on Rasietqnco TPelding with the Subcommittee on 
Ifelding of Armor as axoleined in Inclosuras 23 and 24, The Off ice,  Chief 
o f  Ordnnncc v%s infarmed of this proposed orgisnizntion (Inclosure 25) 
Tho p1p.n~ were explained t o  Ordncnce Office, Army A i r  Fareae. Wright Fie ld ,  
P ~ S  per Inclosure 26. 

Following this Subcommittee merger, i t  ~..'ppeg,rea des i r~~b le  t o  ~ d d  t o  
t h e  m~mberohip of the Reslst~nce ?felding &ow n a  suggested by Inclosure 
27, becnusn the two Individun1u re f~rrod  t o  b ~ d  been and vera associated 
with consinernble resia t ~ n c e  walding development work. The work on a Speci- 
f i c a t i o n  f o r  Resislt;anca Welding of Armor i 5  indicated by Tnclosure 2g. 

During lnte 1942 the organization of the Subcommittee reached probably 
its highest stcge of  dcvelopment es indicated by Subcpmmit tee  Circular w1, 
included as P ~ x t  11 of t h i s  Appendix, During t h i s  period there arose tho 
problem of  represent~tion of Cmadian e.nd Brit ish orgnnizationc by foreign 
ntztioxlfJs, who, because of VRI Dep~rtrnent reguhtioas, had t a  be cleared 
t o  receive c lass i f ied  data before they could become Subcommittee members 
(Inclosures 29, 30, ~ n d  31). Such c laar~nce  wno usudly obtained [fnclo- 
suree 32, 3fir nnd 34). In Fabru~xy lqbf,  kbcommittee Circu3.a.r %2 wRs first 
Issued, This ~ i r c h ~ r  was revised ~ n d  reissued in fsnw-ry 1q4& (part TV, Ap- 
pendix A). No tif icntion of cle?rrnce to indioidmls concerqnd was uauc+lly 
sent by the Subcomni t t e e  Chairmn ( Inclosura 75). Certain a1 termtcs for 
f o r e i g n  members ware .?,lso clesred t o  attend meetings (~nclosure  j6 Iw 



Laboratory (W) February 11, 794-2 

Subject : Chairman, AFmor $abricators Su'bgroup, Subcornmi t tee 
for Welding a f  Annor, Ferrous Matallurgicd Advisory 
Board 

To: Colqmandisg Genedl 
Rock Island Araenal 

. Rock Island, Xllirrois 

1 r Recently Mr. W, 3'. Schmitt, who .has been Chairman of 
the dlrmar Fabriwtora 8ubgrotq1 of the Subcbmittee for Welding 
of Armor, has been unabl~  t o  parficipate in tha aativitisa of 
the sllbgroug bemuse of his  assignment t o  other duties st your 
Areem. It is auggersted that Mr. 5. K. McIbwelj, be appointed as 
ohairman of the mbgroup t o  replaae Mr. Schmitt, in view of tihe 
fact that Mr. Mobwell has been aotSng as chatrmn and i e  famfliar 
with ths sat ivit ies  bf the committee. 

2 The scope ef the invesltigsltibns now being arrie8, out  
on the. welding of hxlmor 18 fhcreasing steadily, and i t  9s necss-r 
saxy that dl poseible efforts be devoted in an attempt t o  
coardipate these activitiee, f t  i e  tho opine08 of this,&ae'ml 
that Mr, McIbwell can serve in an extremely important mp&f tg ae 
cbfrmaa of the subgroyp. 

J0m MATm 
Brigadier Gansral, U, s. Atvy 

President, Forraue Metallurgical 
Advieory Board 



February 10, 1942 

nice  Preaident 
Marman-Berrington CO., Inc. 
Indianapolis, Indiana 

near S i r :  

Sub 
of 
Par 
mee 

Your company has been approved for membershia on t h e  
committee for !leld;ng of Armr farmed under the jurisdiction 
the Ferrous Metallurgical Advisory Board of the Ordnance Den . 
tment. Hra B. Jr Smith of Marrnon-Nerrirgton attended the last  
ting of the subcommittee held in Detroit on January 7, '1942, 

It is requested t h a t  you designate an indivfdual t o  rev- 
resent y o u l  company at the meetings and t o  receive corr~snandence 
and, if desirable t o  you, an altermte t o  pe.rticipate fn subcorn- 
mit tee  ~ l c t i v i t i e s  vhen the designated member is not available. 

It is desirable tL,zt your reply be received a t  an early 
data in order tb.t correspondence with reference t a  the coming 
meeting of the subcommittee may be directed t o  the proper person. 

For the President of the Boarat 

Very truly yours, 

G. L. Cox 
Major, Ordnance Dep t. 
Ch*irrnan, Subcornmi t t ~ e  for 

Tielding of Armr 



September 9, 1942 

Subject: Core Wire Mewlufscturersl Representation on Subcommit tee for 
Welding of Armor 

To: Chief o f  Ordnance, U. S, A r q  
waahingtkn, 9, 01 

A t  tn, : Induetrid Division, !bnk Branch, Armor -Saction 

1 b  Ref eronce fib960 SFOIT drmor Bmoksr, rergerding repreeenta- 
t fon of core wire mawfmturers on the Subaommittee for !VeldPng of 
Armor, it is belf eve& that core wire nenufacturtsrs are most concerned 
with reaching an underetand3ng with electrode man~acturere as t o  
standard requirenente for care wire. For this purpooe it is considered 
deeirable that they be membara of the Electrode Subgroup. 

2, Grucible Steel Company and Page Steal  and Wire C o m p ~ y  now 
have membership and it fe understood that heri-n Steel and Wire 
Company a l s o  desirer membership, Accordingly notices of the meeting 
of ths Subgroup on the lgtJz are being nailed t o  the corupmies listed 
in ~ b o v e  t o l e t n o ,  and hsrf can Steol aad Iff re C b q r n y .  'Phe w e t s  
of those repfe8entntivee who will attend are eweeta@ t o  be available 
prior t o  the sthrt of the meeting4 

For the President of the Board: 

G,L.  Cox ' ' 

Lt. Col., Ord, hptr  
Anti% Cbfrm~n, Subaomittse 

for Ifelding of Armor 



Laboratory ( a v )  

President 
Pit f ahurgh Steel Coqany 
1670 Grant Building 
Pittsburgh, Pa. 

bar Sir:  

I t  has been suggested that your company may be interested 
in obtaining membership on the Subcommittee f a r  Welding of Armor 0f 
the Ordnance Dqartment Ferrous Metallurgf cal Advisory Board in COP 
nect ion wf th the activities of that Subcommittee toward standardf za- 
t i o n  of electrode materials for welding of armr. 

If such is the case, will you designate a representative, 
and an alternate, who w i l l  receive and be reopansible for all Sub-- 
committee correspondence and reporta t o  be forwaxdad t o  your company, 
and who wi-11 attend Sub~onmittee meetings, f t  i a  desired t b t  Borne- 
one who is both technically trained md can speak with authority for 
your company be designated t o  serve on thJs Subcommittee. 

The next meettng of the Subcommittee is scheduled for 
Sunday, September 20, 1942, to be held at the Hotel Statler, h t r o i t ,  
Michigan, On Saturday, September 19, at the Hotel Statler, there 
w i l l  be held a meeting of the aactrodo ~uf&cturors  Su'bgFolrp of 
this Subcommittee which your $eeigm+ted representat h e  wish t o  
attend. As soon se the name of th i s  representative 1s received, a 
copy of the Agenda f o p  the Gu'bconmittse moeting on September 20 w i l l  
be forward&. 

Por the President of the Board: 

Yours  veny truly, 

G, L. Cbx 
Lt. Col., Ora. D q t .  
Acting Chairman, Subcommittee 

for Welding of Armor 

( ~ n c ~ o s w e  22) 



Laboratory ('cw) 

In view of the increasing interest in the application of 
resistance walding t o  the fabrication of l i g h t  armored vehicles,  as 
well  as aircraft, it appears desirable t o  incorporato the  present 
membership of the 3ub.comittoo f o r  Resistnnce Welding i n t o  tho Sub- 
committee f o r  tfolding d f  Armor t o  h,uld.le problems on resisttmee weld- 
ing which from time t o  time Are brought before the Su'bcommittee, 

The present Subcommittee for Welding of Armor has orgeuzized 
within its membership several groups, each under its own chairmen, 
t h t  deal with problems pertaining t o  certain phases of the general 
subject of welding of armor. The grows orgmieed at present aro: 

Honogeneaus Armr Fa;bricatora 
Faco-bdened Arnor Fabricators 
R e c  trode kufacturers 
wolding Specif f zations 
Reeaarch Program 

These groups neot with the Subcommittee and also independently at tho 
call of their respective chairmen to  coneidar problems related to their 
particular phaso of  the armor welding problem, 

It is proposed that tho present membors of the Subcowittee 
for Resistance Welding will constitute a group on Resistance Welding of 
the Subcommitte~ for Welding of Armor, under its own group chairman, 
w& thnt this group will handle problems on rasi~tnnce welding which 
nw be reforred t o  I t  for  consideration from t i m o  to tins by the chair- 
man of the Subcornit tee. 

f t is desired t o  obtain your concurrence in th i s  proposed 
change. An enrly reply w o u l d  be appreciated. 

Your  present chairman w i l l  relinquish his chair t o  the 
Chairman of the Subcommittee far Welding of Arnar (Gal. H. H, Zornig, 
Watertown brsom~) and the chairman of your group a m  be elected at 
your first meeting. It is pref~rred tht your chairman be selected 
from the industrial members of tho group. 

For the Presid6nt of the Board! 

Very truly yours,  

C. I,. Cox 
Major, Ordnance b p t .  
Cbirmari, Subcommittee f o r  
Resistance Welding 

( I  ncla sure 23) 



Laboratory (GLC) 

c/ graf 

August 7, 19b2 

Mr, 3, Lo Vise 
Member, Subcommittee for Resistance ?Velding 
Chief E l e b t r i c ~ l  Engf neer 
The Fedorel M~chine and yielder Company 
Warren, Ohia 

Dear Mr. Wise: - 

7% ~pprecinte your l e t t e r  of July 28 ~ n d  the p o s i t i o n  you 
hrxe taken with ragara t o  re la t ionsh ip  between the Subcommittee f o r  
Resistance 'feldlng and the  Subcommittee f o r  Yelding o f  Armor. P e p  
haps in v oftrliar l e t t e r  I did  no t  make mysl?lf clear as t o  wht our 
~ e a l  i n t e n t i o n  I s .  

The most urg~nt arobl em thet the Ordnance Dep~rtment has' 
~t t h i s  t i n e  where rrsistsnce welding urill apply is in connectioh 
with the fabrication of  amor6 Undoubtedly there  are meny other 
appli~~tions of resistance welding In connection with equipment other 
t h a n  armor but these a r z  n a t  as irrportn.nt a d  they ~ i - e  perhaps fur- 
ther along i n  t h e i r  dev~lopment and npplic~tion than the resistanc~. 
welding of firmor. 

Tho membership of the Subcommittee for VTelding of Amor 
includes nufieroua fabricntors  who should h,?.ve the benefit  o f  the 
knowledge tha t  ks been developed in the resistance welding of armor. 
Therefore, we thought i t  desirable t o  incorporate the Subcommittee for 
Resistance Welding i n t o  the Subcommittee f o r  Welding of A r m o r ,  and the 
present membership of  the  Subcannittee f o r  R e e i s t ~ ~ n c e  Ifelding c o u l 8  re- 
main tntact as the subgroup t o  the w i n  subcommittee. Tho effort of 
the subgroup could then be directed toward developmant of resist~nce 
welding methods f o r  amor, In this  mnger the davalnpment of work which 
you and rqresentntives o f  other companies h w e  been doing w i l l  be 
brought  before many using es  tnbliahments ?ad, consequentlr, the Ord- 
nance Depertment can W e  use of t ha  d n t ~ "  t o  a &renter nBv~nLage. The 
menbarship of t h i s  Resist~nce Vklding Subgroup would nat  necesaarfly 
have t o  divorce i tsel f  f rom any other  tonsideration fbr  welding nnd fn 
its same merIbeYship could forn sw commit$ee they wished Lo carry 90- 
ward a v  other prQgrm b v i n g  to do w i t h  reslst~tnce welding: of Struc- 
tures other t h n  armor. Should the need be,come sufficiently acute f a r  
development work i n t o  these other  f i e l d s ,  coheiilerntion could then be 
given f o r  the fa rna t ion  cf another subcornittee t o  handle thnse phases* 

Tentatively we aro planning to hold a. meting of the 

e '  c n m i t t e e  f o r  Welding of Amr,  possibly in Detrnit, on September 20. 



MT. B. L. Wise, p. 2, 8/7/42, 

We think, therefore, that it would be highly desl~Etlbla t o  hold  a 
meeting of the Subcomittee for Resistance Welding on the 19th and 
the member$ of the Suboomittee for Resf stc,nce Welding could then 
stay over and attend the meeting of the Subcommittee for. W e l d i x  of 
Amor .  I believe that 'Iry such a procedure we cnn discuss opcnly the 
~ituntion regarding the subcornittees m d  the erdvnntages and dis- 
adv~ntageo of the  incorporation as suggeerted in ny 8arlf or let ter .  

For thc President of the Board! , 

V e r y  truly yowa, 

G. 5 .  COX 
Major, Ordnance Dept. 
C h i r n a n ,  Subcommittee 
for Reais tance Welding 



Laboratory ( WLW) 

l&W/ ahk 

JULY 25, 1942 

Subject: Subcommittee for Resistance Weldfig 

To : Chief of Ordnance, Ub S, 
Washington, D. C. 

Attn: Service Brauch, Technical Division 

1. . There is attached f o r  yaw informatSon and file, 
a copy of a letter which b s  been sent t o  the Enduntrial mem- 
bers of the $ubcommittee for Resie$ahce Welding, proposing a 
change of organization. It is mnsfdered that this re- 
organization is desirable in view of the increasing intereot 
on the part of armored vehicle fabrf oators' interest concern- 
ing the possibilities of using resistance welding method8 t o  
expcdfte the production of such vehicles, 

ITOF t h e  President of the Boards 

G, L, Cox 
Major, Ordnance Dept. 
Chairman, Subcomittae f o r .  

Resistance Welding 
1 Incl. 

cc. of l e t t e r  



Vatortown Arsenal, httertown, %seachusetts, September 15, 1942 
To: Ordnance Offica, Wright Field, Dayton, Ohio. bttn: Major McInnes 

l1 It l a  planned t h a t  the Subcommittee f o r  Resistmce Welding w f l l  
become a Subgroup of tho Subcommf t t e e  f o r  Welding o f  Armor t o  b d l e  a l l  
mtters pertaining t o  reeistance welding of armor which may arise or  be 
referred t o  it by the main subconnittee or i t s  other  subgroups. 

2, At the present t i n e  there are tho f o l l o w i n g  subgroups function- 
ing under the Subcornittee for Welding of A x a r :  

Honogeneous A F ~ T  Fabric~toxs~ Subgmup 
Ehcc-kdened A r ~ ~ o r  $a%ricatr\ rs ' Subgroup 

.Electrode lknufactur erst Subgroup 
Specifications Subgroup 
Research Subgrolrp 

3. It is oxpocted that an Aircraft A m o r  Fabricators1 Subgroup w i l l  
be organized f ron  the reprcsentativos af the aircraft conpanfos as sug- 
gested in 1st Indorsenant V. F. 00 470+5, W.A. 334/b40 of September 9th. 
1942, t o  ccnsider t h o  prnblens relating t o  f ab r i ca t ion  of aircraft armor by 
welding and t o  develop procedures for th is  fabrication with such assistanca 
f ron  the other subgroup and subcommittee membership as he  paasible. 
It is not believod desirable t n  combine tho h s i s t ~ n c e  Welding Subgroup 
with the Aircraft Armr Fabricntnrs' Subgrotxp t o  fora a Subgroup on lqelding 
of Aircraft Arms R ~ t e  because, as indicated in parwraph 2 of let Indorse- 
nent, the  welding; of aircraft amor w f l l  undoubtedly involva Brc welding as 
w e l l  as rosistmce uoldiag. A l s o ,  such a subgroup w n u l a  involve t o o  large 
a membership f nr effective a c t  ion. 

4. The suggestions far the agenda fqr the neeting nf the Resistance 
T'!elding Subconmitteo are apprecintod and copies of the spec i f i ca t i ons  re- 
quested w i l l  be available at the H o t e l  Stat lor  f o r  the meeting. It is sug- 
gested that Major McInnes shoulil devote h i a  n t t e n t i ~ n  t o  getting the afr- 
craft fabricator ropresentativos nrganieed as a subgroup with hirnsalf acting 
as temporary chairnan. In t h i s  organization mooting opportunity should be 
prese.nted for the representatives present t o  aloct a permanent chairman who 
w i l l  conduct su3e;roup maetiligs ant? prosent subgroup reports t o  the =in con- 
n i t t ee ,  There should also be appointed n representative of t h i s  subgroup t o  
the Specificatlona Subgroup of which Major J. V. Cconbo, Wfice,  Chief o f  
Ordnance, Industrial Division, Tank Branch, is c-'mirmn. This S p e c i f i c a t i o n  
Subgroup consists  of an appointed r q r e s c n t a t i v e  Pron each o f  tha other  cub- 
groups and its function is t o  consider aad t a k e  f inal  ac t ion  on apccifica- 
t i o n s  referrod t o  it ly tho c h i r a n  of t h e  Subcommittoe f o r  Walding of Arnor. 

I For tho Prostdent of tho Board: 

G. L. Cox 
Lt. Col., Ord. Dopt, 
Chairman, Subcrsnnit t o e  for - - 

Resistance TYeldiq 
(~nclosuro 26) 



Laboratory (mv) October 3, 1942 

Subject: Membership, Resistance Welding Subgroqp - $ubcomittee for 
Ifelding of Armor. 

To: Off ice, Chief of Ordnarrca, U . S . ~ .  
Warshfngt~n, D. C. 

Attn: ' Technical Division, Senice  Branch 

I. 1 t is de5i.r-i! f o  add t o  the membership of the bqtshnce Weld iw 
Subgroup of the &'L?connittee fop Welding gf A.mr the folla&.$ individu- 
als because of t h e i r  aqerfance with the developlaeat and appliaetion of 
resietaace spot we1dll.g i o  armor: 

Prof eseor Wendell p d  Hese 
~ s a o c i a t e  Prof esaar, Metallurgical Engineering,, Rensselaer Polytechnic 

' Idnstituta, Troyl B. Yo 

Stuart M. 3pice 
Welding Engineer, Buick Motor Piv*, k n e r d  Motore Gorp., Fl int ,  Michiganp 

2. W o r e  inviting theae two men t o  the a b ~ v s  membership, it ie 
desired that they b e  cleared b.. E.2, When this informtios is received, 
iwitat,i.oqs wi l> . ,  be extended t o  them by thfs axlaemli 

$0 r the Commanding Off f C ~ X  t 

H. Hr 20mPg 
Colonel, Ord.. D q t o ,  
Chatrman, Subcommfttse f o r  

Welding of Armor 

(Inclosure 27) 



Subject: Meeting of' Subcommittee for Re~istanee ??elding 

To : Chief of Ordnance, V. S. Arrqy 
?"lashington, D. C. 

Attn: S O T B  

1. At a rnestipg of the Subcommittee for Reaistpsce Tfelding he ld  
Saturday, September 19, 1942, at  t h e  Hot e l  S ta t l e r ,  Detroi t ,  Michigcn, 
r ecen t  develo~ments i n  s p o t  and flcl,,sh welding were discussed. Co nsidern- 
k i o n  wss given t o  r e v i s i o n  of Tentfiteve Spec i f fcn t ion  !Rs -~~Q,  " % a t  
?:elding of Armor f o r  Elircr~f t, I' snd it was 'ngreed thEt  this specificr.tion 
should be red-rnfted t o  cover m o t  weldinc of Rrmor in g e n ~ r ~ ~ l .  

2. The Subcommittee voted t o  'dieb;l,nd as Subcommittee nnd t o  bed 
come c f f i l i a t ~ i i  with t he  SubcamrnJ.tt~'e f o r  Welding of Armor  f l ~  P. Resistance 
"ieldf ng Group,' Mr. J, H, Cooper, Tavlor-Yinfielg C o m o r ~ t i o n ,  wns elected 

. ~ 

Ch%irmn of the Gram.' 

3. fl smn.11 Subgroun o f  five members trre.s d ~ e ~ i ~ w * t e d  bN. t h e  Chnirmn 
t o  meet i4rith Prof,  ?"I, F. Hsss r.t Renseelaer P6 ly t~chn l . c  - I n s t i t u t e ,  Troy,, 
Nev York, on Seut~mber 2g, t o  e s t ~ . h l i a h  definite nhy$%c~. l  r~qu'lrrrmants for 
sno t  1~eLfi.s i n  r.rmor f,ram l / h "  t o  1" in thickness, inclusina. ' 

I 4, A t  the  r n ~ p t i n g  o f  the  Subgroup on S e n t ~ m b ~ r  28, nttendsd by: 

Mr* J. H. Coo-ner, Tpylor- l? inf ie lc?  Corp. 
1,Ir. L, M, Benlrert, Progr~s~ive Welder Co; 
ET, !I. A, Stanley ,  I I  II  n. 
Ikr, F. f ~ .  LEP,  I n t e r n ~ t i o n ~ l  H ~ . r v e ~ t e r  Co. 
Mr, I!!, T, Ober, 'Phom~on-Glbb !rrelding Co, 
Mr. ?!?* L, Warner, I'ratsrtotltn Arsenzl 
Prof. :?+ F+ Hess, Rensselaer Pblytechnic I n a t i  tu tn ,  

values for minimum sf ZR o f  spot  weld nugget, spn.cing, sbcer ~ t r e n g t h  were 
establighed, together w i t h  recommenChtions for procedure qunl if i c e . t i o n  and 
production check t e s t i n g  i n  connection wi th  production of armored vehicles.  

5.  A r ev i s i on  of T e n t ~ t i v e  S p e c i f i c ~ t i o n  KS-169 is 'being Arnfted, 
i n c o r p o r ~ t i w  the recommendntions proposed by the  Subgroup. As soon as 
concurrence of the Resist~mce !Jelding Group of t h e  Subcommittee f o r  T'?eld- 
i n g  of Armor is Obteined, t he  drc,ft will bo forwe.rded f o r  cons ide ra . t i ona  

I For t h e  Presidsnt of t h e  BoRrd: 

B. H. Zornlg 
Colonel,  O r A .  Dept. 
C h ~ , i r m n ,  Subcornmi t toe  for  

?ir'eldlng of Armor 



1- The gentleaen mdntionad in baeic l e t ter  have been asked t o  attend 
the meetings of the Subcamnittee on Welding of &nor t o  be held in Phila- 
delphia, Penn. on Decenber 5 and 6 ELI visitors. 

2- &jar Coonbe indicated by telwphone that clearance f a r  membership 
on the Subuommittee on Welding of Armr for thsee gentlemes who a r e  h d b m ,  
has nnt y e t  been obthined froa G-2. It is reqssted tht  such clearance be 
obtained so that they may be mds members as retpssted. 

Par the President of the Board: 

Hp 2. ZOrnjig 
Colonel, Ordnan~e %t, 
Fhirean, Subcenmittee on 

\felding of A m a r  

(Inclosure 29) 

o.0.M. 470. /487 2, W.A. 334140 8 1st Ind. 

Watertown hseml, Watort~wn, Massachusetts, X~venbgr 27, 194.2 
To: Chief of Ordnance, U,S,A,, Pentagon Building, Washington, D, C. 

1. The gentlemen'nentioned in basic letter have been askad t o  &tend 
the neetinge of the Subcornittee on Welding of ATmr t n  be held in Phila- 
delphia, Penn. on Decmbar 5 and 6 na visitors. 

2, I t  f s be1 ieved t h C  clearance for ,r!eriberqhip. on the Subuomi t tee  oi 
Welding nf d ~ l 0 r  fnr theae gentlenen who axe kmdiana  has not get been o b  
tained from &2, It is requested t k t  such clearance be obtained so that 
they nay be W e  nenbers as requested. 

For the Pras.ident nf the Board: 

H, H, Zornig 
Colonel, ~rdneurcs b p t .  
Chair-, Stbc@nmittee an 

Pielding nf &nor 

(Inclosure 303 



I 
mw/ ahk 

FERROUS METALLURGICAL ADVISORY BOARD 

Laboratory (WLW) SubconmitteeonlVeldiag o f  Armor November 27, 1942 

Subject: Clearance for Memberehip 

To : Chief of Ordnance, U, $a A m  
Washington, D. C. 

Attn: Technical Division Service Branch 

1. The Tank-Automotive Center, D e t r o i t ,  has requested that 
Mr. L. W. Williams of the Inspection Board of the United Kingdom 
and Canada, Pfgot Building, Hamilton, Ontario, Canada, be invited 
to become a membefof the Subcommittee as per  copy of ~~17426 
at tachad. 

2. Clearance for such membership is requested in order that 
his name may be added t o  the Subcommitt~e l i s t .  

i 

3. Mr. ivilliams has been invited t o  attend the meetings in 
Philadelphia on December 5 and 6 as a vis i tor .  In such capacity he 
is not  eligible to roceive transcripts of the meetings* 

]Tor the President of t he  Board: 

1 Incl. 
Copy of TTl7426 

H. H. Zornig 
Colonel ,  Ordnanae D e p t .  
Chairman, Subcornmi t t e e  on 

?Velding of Armor 

(Inclosure 31) 



war Department 
Off ice  of the- 0hiaf of Ordnahce 

Wa~hingSo~~ D, Cm 

Subject: Technical Liaison with our Plliies ia regard t a  "Ordnance 
St eels" 

TO: C o z r t ~ ~ ~ ~ d l n g  Officer 
Watertown Areand 
Watertown, k s e .  

1. Reference fa  m d e  t o  letter from hi rs off ice  dated October 16,- 
1942, W, A. 334/3914 - Technical Liaison with our Alliee in regard t o  
"Ordnapca Steela." 

2 r  The Military fntelligence Seroice has approved the following 
w e d  reprsseat~tives for memZlership an Subcommittees sf the Ferrous 
Metallurgical Ad,visory Board of the Ordnance bpartmentt 
4 

a, Mr* T. A. Rice, Superintendent 
d 

International Harvester Co* of knada, Limited 
Hamil ton, Ontario 

b, Mr. F. A. Sherman, Vice President md &neraJ b g e r  - 
Dominion Tomdries and Qteel Limited  
Hamil ton, Ontario 

c. Cdloael H. G, Home 
I 

Inspection Boar& of the United Kingdom and OaaRda 
O t taw&, Ontario 

3. It is assumed that thcse rQrssentatives w i U  be notiftea of 
their membership by the &airman of the Subcommittees concernede 

By order of the Chisf of ~rdaanae: 

/a/ S, B. Ritchie 
Colonel, Ord, 
Assistant 

(Inclosure - 32 
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SPOTB 

3 
?kr Dep~r tment 

Office of t he  Chief of orannnce 
??a~hington, D* C r  

Sub.ject : Member o f  the Subeomittees of the Ferroua Betallurgic~l 
J~dwisory Board 

To: Co mmEndl ng Officer 
t'7atertotvn Arsennl 
!?atertown, ~ S B .  

Attn:  Colonel H. B. Zornig 

I. The e2pnolntnefit of Fh. G. 3, Pindon as rn~niber of the  Sub- 
committees of the Ferrous Metrll.urgic~1 i~fitrisory Bberr? of  t h e  Ord- 
nmce Department has been pmproved. It is understood that  1"lr. Findon 
w i l l  make con t~ .c t  w i t h  the Chairman of  these Sabcommittees ( Colonel 
Zornig) in reference t o  future meeting dRtes.  Mr. Findon's present 
s d d r ~ s s  IR h i t i s h  Supply l i i s s i o n ,  Padrick BlFg., 1&01 "K" S t r ee t ,  
P.?, , V~shington, D. C, 

2. Approvnl has n o t  y e t  been receiver! wi3h respect t o  member- 
shin of b j o r ' h .  17. S e n i o r  on  these ~ u b o o m i t t a e ~  h r t h r r  ndnice 
w i l l  be furnished on this p s  soon p s  a e f i n i t e  dec ie ion  h ~ s  been made. 

% order of thp Chief o f  Ordn~,nce:  

/ s /  S. 9. Mtch ie  
Co lone l ,  Ord.. Dept. 
Assista.nt  

( Inclosure 33 



0,O. 470.5114270 
httn: SPOTB 

!!ar Depas t ment 
Office of the Chief o f  Qrdn~,nce 

hshington  

Subject: Mr. J. A. B d c o m  or the  Tanks Inspection Div i s ion  
( Inepect i o n  Board of United Kingdom and Canada) 

TO : bmmnnding Officer 
'htertown Arsenal 
?latertown, b,ssachuset t s  

Attention: Colonel H. K. Zornig 

1, A t  the request of Brigadier %cllenrtie, nepa* Inspector 
G e n ~ r ~ , l  (l?~shinprton) ~ n d  Director 'Pechnic~l Services (~rmments ) ,  
Inftpection B o ~ r d  of United Riwdom ~ , n d  C r n ~ , h * ,  Mr. J. A. B R ~ C O ~  
of t h ~  Tanka Inspection diviaion ( Inspection Bomd of United Kin* 
dam and Canada) has been cleared for attendance at meetims of the 
f 01 loving aubcomi t tee9 of the  Ferr~ua MR tallurgical Advisory Bo~rp: 

Suhcomittae on Rolled Armor 
Subcornnittee on Cast drmor 

* & ~ c e m i t t e n o n ~ 7 ~ l d l n f ~ o f A r l b o r  

2. i t  has been suggested t o  Brigadier IkaRenzie that he 
no t i f y  Mr. Balcom of this clearance, It is reQueated that t h e  
Chnirmen of these Subcommf t tees also notify MP. Balcom and: indi- 
cate t o  him the dates for the coming meeting8 of the variaus sub- 
cornmi t tees involved. 

3 It is assured that Mr. Balcam's membership an tho Sub- 
committees is satisfnctary t o  . the Ferrousr Me tsllurgical Advisory 
Board the committees inaolved. Thia is on the b ~ s i s  of the  
orlgina.1 recammendations submitted by 'I?ntertown Arserw.1 for  member- 
ship of Canadian repreeantatives of the.se groups. 

By order of the Chief of Ordnance: 

/s/ S. B. RITCHIE 
Colonel, Ord. Dept. 
Assf stant 



Ml- 
April 5 ,  19b3 

Mr. J, A. Balcom 
Tanks Inspection Division 
Ins ection Board o f  United Kingdom and C a n a t l a  
5-1 E 6 General 140 tors Building 
De t ro i t  , Michigan 

Dear Mr. Balcom: 

Confirming tele4ype of this date, clearance has been obtained 
f rom Iqashington for your membership on the following Subcommittees of 
the Ferrous Metallurgical Advisory Board: 

Subcornmi t tee  on Rolled Armor 
Subcommit tee on Cast Amor 
Subcommittee on Welding of Armor 

For your i n f o r m t i o n  there are attached copies of Circulars 
Nos. I and 2 for the first two subcommitt~es above which descr ibe  their 
organization, functions, and l i s t  t h e  membership at the present time. 
It is our understanding that you h v o  these circulars for the Welaing 
Subcommittee. 

We e - b l l  be pleaaed t o  bc.ve your participitation in the actf- 
p i t i e s  of these committees and hope that you  w i l l  benefit  thereby. 

$or tho President of the Board: 

Very t r ay  yours, 

He H. ZORNIG 
Colonol, Ordnance Dept.  
Chairman, Stibeommi t t QQ on Armor 

4 Encl s. 
Circdnrs NOS. a-1, CA-2, 
RA-I, and M-2 

( Inclosure 35) 



o,o, j341g/18675 
Attn: S P O D  

Yar Dep~rtmcsnt 
Office of the Chief of Ordnnnce 

'dashington, n. C. 

April 29, 1943 

Subject : Subcornmi t t e e  of the Ferrous Metallurgical A&vf sory Board 

To : Cow-nding Officer 
l k t e r  town ArsensL 
Tqatertot~n, Massc 

Attn: Colonel H. El. ZornSg 

1, T h i s  office has been requested by InspectoyGeneral, 
I n m ~ c t  ion Board of Unite& Kingdam m d  Canada, %lone1 Wokre, that 
alternates be n~.med for him an the Subcommittees of the Ferrous 
Metalluxgf cal Bo~lrd for C A S ~  Armor, h l l e d  Armor, find Welding of 
Armor, h l o n e l  H O R T ~  1 8  not! P, member of these S~'bc~InIDittee$m 

2. Colonel Home sugeests t ha t  Lt, Col,  P. S, Blowey ~ ,nd  fit. 
Col, A, V. Golding be designated aa ~ltermtss  for him, The above- 
nmed alternates have been cleared by Military Intelligence and 
your records ahould be revised &~cosd.iI@.y$ 

By order of the Chief of Ordnance; 

Very truly yours,  

/s/ G, ELkins Kneble 
Col,, Or&. Dept. 
Asb Pstant 

( Inclosure 36) 



One of the problerne of the Subconmittce Chrsirmn from the beginning 
of Subcommfttee organization been t o  obtain continuity of representam 
t i o n  f rom various ~gonciee of the Government. It was recognized, however, 
tht chmging duties of personnel, as the  orgmizntion Pas tho w a S  o f fort  
grew, might prwent this  being accomplished in n stnbla form ,and conmunicn- 
tians were usually sent officially notifying; tho hgcncy of dnte of meeting 
and requeeting lnfarmtfion ~ e r  t o  the representatives who would attend (part 
I-a). 

Late in 1943 m d  e ~ r l g  in 1944 (ns shown Circular 13-21 designation 
of representation was o b t ~ i n e d  (~nclosures 37 and jg). In such cases the 
1 i m i t a t i o n  of two menbbers i q o s e d  on industrial compnniee was nat  appllod. 

This limitation o f  two nenbor~l t o  a corny was verj infrequently 
challenged but i n  the few cases whfch occurred the Chairman af the Subcom- 
mittee was not over-rulod by the Office, Chief of Ordnance. One of the 
latest incidents of this sort which arose is illustrated by Inclosures 39 
through 47. Such incidents werQ quite rare, hawover, 



R'XEtbUS MPTALLVRGf APVI WRY BOARD l?arner/ ahk 

Subcornmi t t e e  an Weld.ing of Armr 

Sub j e e  t : Ferrous Metallurgical Advisory Board - Subcommittee Membership 

To: Commn.nding General 
Office, Chief of Ordm~ce-Detroit 
Detroit - 32, Michigan 

kittn: ~ngineerin~ Branch, Materials Sec.tion, 
Armor ?nd F b e l d i ~  Uni t  

1. Tho current membership l i a t  of the Subcommittee on yielding of 
A r m o r  conta ins  the follohtlng as representing his office: 

& j a r  J. Q. Coombe, SPOME - EE 
Major D. C. Pippel, 11 II 

Cwt. J. 3'. Randall, " H 

C ~ p t .  A. F. Boucher, " 11 

Lt, d, J, Matt, Develoyment Branch 

For Group assignm~nts, reference is mde t o  the inclosed popy of the 
Subcornmitt~e Membership Lea t, Circular No, 7JL.2 (Rev, 1). 

2.  In fo rmt ion  is desired Re t o  whether this representation is 
satisf~ctory t o  his office, and if no t ,  w h t  ch~nges in Subcommittoe 
records are desired, - 

Far the  President of t h e  Board! 

1 Inc. 
Cfr. !6-2 (Rev. 1) 

H. H. Zornig 
Colonel, Ordnance Dept, 
Chairman, Subcornmi t t e e  on 

Welding of Armor 



Y 
OOM 334/Wnte~trwn Arsenal (LO MRr 44) 
kttn: SPOM&P:B1 
l t n  33&/b99  ~ 8 t  In&. 

To: Conmanding Officer, Watertown Araenal, W~tertawa 72, & s b  
ATPN: Col. H* H. Znrnfg, C h a f r m ,  Subeonnittee on Woldihg o f  Amor ,  

( ~ a % o  ratoryWLtV) 

1. Repreeentation as listed in 'basic lsttor shtisfactnm t o  this 
off ice. 

% order of th& Chief n f  O r d u c e :  

/a /  - D. C, PIPPEL 
k j c r ,  Ord. Dqt. 
A s s i n  t,mt 



Subcommi t t e a  Membership Deoignation Form 

Date February 8, 1943 

The President 
Ferrous Metallurgicd Advisory Board 
Watertown Arsen$J. 
Water town, &esachunet ts 

Sir: 

The A. Q a  Smith Corp. 

m# 

trC""p"?' 
Milwaukee, iscons n r :  

v* 

(Address) 
desires to be represented on the Ferrous ~ e t a l l ~ r ~ i c a l  Advisory 

Boardle Subcornittee on Welding of Armor. It desires t o  d e s i p  

nate as its representative on this SuScommittee the following 

persons: 

John J* Chyle Director of Welcting Reaearch 
m 

Pos i t ion  
E l e c t i d e  DevelAment Eng* 

I - - 

(position) 

These individua2s are citiseaaj of the United States and 

the Company is w i l l i n g  t o  vouch for t h e i r  loyalw t o  the United 

States. 

Our comparpt desires a representative on this  Subcommittee 

because we are mamafacturera of electrodes and w l s ~  are offering 

our welding experience t o  help on armor welding problems, 

Very truly yoma, 

I s /  John J, Chyle 

Utarrmtes - for J. J, Chyle - Mr, M. Mp Millette 
for K. Blanchard - Mr, E, Steidl 

( Incla sure 39 1 
- 5 5 F  



,A. 0. Smith Corporation 
Milwaukee 
Wiaconsfn 

r 

Colonel 8. K, Zarnig 
The fiat ertown Arsenal 
Watertowpi kssnchusetts 

Dear Colonol Zornfg: 

One of our men who b e  beon most act ive  i n  the armor plate 
weldingprogram and hns attended most o f  the  meetings advises 
me that he is no t  on the list t o  rccoivo not i f icn t ion  of the 
regular meetings on this subjact apd has therefore hnd t o  
i den t i fy  himself ench t b o .  

tqe- would appreciate it if you could r.dd t o  your list tho m e  
. of A. 9, Steidl of om cornpany for futura noti f  icntion.  

Thanking you for your consido~ntian of thia raqhest, we a o  

Very truly yours, 

/ 91 fi- M. Heating, Manager 
9pecid  products Division 

LMK; AJ:as 



FXRROUS METN,LUROI W ADTTISOB BOARD Warner/ ahk 

Subeommitttae on Weldiniir o f  Armor 
n* 

L a b r ~ , t a r y  (11%~) 3 April 1944 

Mr. L, M. Keating, MELnager 
S p e c i ~ l  Products E i n i s i o n  
A. 0, smith Cornorat ion 
P.0. BOX 584 
Milwaukee 1,  rf isconain 

- Vith reference t o  your l e t t e ~  of ?O k r c h  l ~ b 4 ,  we 
no te  f r o m  bur  Subcommittee records t h a t  your company I s  now 
represented by Dr. M, K. Blandhard end Mr. J, J, Chyle. 

In e,ccord.Rnce with the organization of the Subcommf t t e e  
whereby the representation of Pndus t r ia l  companlee h ~ s  been 
limited t o  not more t b n  two membeks, which l i m i t a t i o n  is desir- 
able t o  prevent the Subcornmi t t e e  from becoming tob  large t o  be 
effect ive,  Mr. S t e l d l  I s  not regmded p s  a regular.member find, 
therefore, does not  receive official not ices  of the meetings. 
If it is desirable t o  substitute Ms. St~ i t7 . l  f a r  one of the two 
present representa,tive% of your cornpaw, we would. npprecinte fur- 
t he r  ~ d ~ i c 0  in t h e t  connection. 

For the  Pr~eident of the Board: 

Very truly yours, 

H, H, Zarnig 
Colonel ,  Ordnance Dep t * 
Chairman, Subcommfttee on 

!VeXdf ng of Armor 

(Inclosure 41 



A. 0. Smith Corporntion 
Milwnukee 1 

Wieconsin 

April 5, 1944 

Colonel 8. H. Zornig 
Tho Watortown Arsenal 
Watortown, kss~~chusot t s  

Dear Colonel Zornig: 

In Ms. Kenting's l a t t e r  of k c h  30 ha requested 
th'tt I be put on your mailing l i s t  t o  receive no t i f i ca t ion  
of the re@- nrnor plnte raoetilngeo 

Hotqover, I noto tha t  a typographicd crrar ap- 
pearod in t h i s  l e t t e r ,  iwusmuch as my init ials  were trans- 
posed, and X ask that ;YOU lrfniily correct your records to 
shots qy nnno as given below so that .qy mil w i l l  bo hddressail 
correctly. 

Thank you in advance for this ~0UrtCSy. 

Vorf truly yours, 

/ 8 /  E, 11, S t a i a  
Welding Equipment Division 



A, 0. Smith Gorparstfon 
Milwnukee L 

Wisconsin 

April 27, 1944 

Colonel H. B. Zornig, Chairmcu! 
Sub-Conntttee on Welding of Armor 
War Dqartnent 
W~tertown brsoml 
Wntertovrn 72, Masenehuse.tts 

Dcnr Colonel Zornig: 

Thnnk you for y o u r  le t ter  of April 3 in connection wftb plac- 
ing Mr. SteicU on your list t o  reecive notificatio'ns of 
regultlr Armor Pic-te &elf*: 

Since Poctor id. K. Blnn-d is interested in attending the 
Elactrode Group Moetings only, we a r e  wondering whether i L  
would be agreeable t o  you t o  substitute 3, A. S t e l d l ' ~  
name for wtten&%nce nt the Genera Cornittee Meeti~gh 

lie will apprecfe-te your help in making this arrangement 
po esiblo* 

Very  truly yours, 

I s /  L. M. bating, kmger 
Special Prnducts Divieisn 



Subcommit tee on Weldim of Armor 

Laboratory ( a w l  4 1944 

Mr. L, M. Keatfng, Manager 
Special Produc t e  Division 
A, 0. Smith Corporation 
Milwaukee 1, Wisconsin 

Dear Mr. bating: 

With reference t o  your letter of 27 April in cornaction 
with repraoentation of the A. 0, Smith C o r p o r a t i o n  on the Subcommittee 
an Welding of Armor, we find that under date of 8 February 1943 a 
Subcommittee Membership Designation Form was received signad by 
Mr. 3, J, Chyle, Dir'ector of Welding Rosearch, This form designates 
as rspresentntfvee of the hr f ir  Smith Corporation on the Subcoanittee 
the following: 

Mr. J, J, Chyle, Diroctor of Welding Research 
Dr. K. Blanchard, Electrode Dm. Engr, 

As d.tarnates the following are medr- 

Mr. M. M, - Millette for Mr. Chyle 
Mr. L, Stefdl for Dr, Blanchard 

htarnatcs are not listed as Subcommittee membors, but may 
attend meetings in the absonco of tho menber for whom they are alterc 
nats, Altermtos do not rocaive Subcommittee notices OF reports 
except as ma$ be passed on  t o  them by the desfgmted company repre* 
sentatives. Individual coqetqg represeniiatfves a r e  not  members of a 
Subcommittee Development Group w i t h o ~ t  &LBO being rnenbers of the Sub- 
committee, ?his i s  a rule of organization of the Subcomitteo- 

If the r r eaen t a t i on  aa indicated above is n o t  eLe deslred 3 by the Ad 0. Smith orporation, we w o a d  be glad t o  be Informed, In 
this connection the prfnclple.of Sttbcamittee organfzatlon referred 
t o  in our letter  of 3 April should b~ kept; in mindL 

For the Proaident of  tho Board: 

Very t m l y  yours, 

H, X, Zornig 
Colonel, Ordnance D ~ p t n  
Chirman,  Subcommit tee  on 

Welding of Amor 



Mr. J, J, Chyle, Membef 
Director of Welding Research 
A. 0* Smith Corporation 
Milwaukee 1, , Wisconsin 

Dear Mr. Chyle:' 

Thera are inclosed POF your i@ormtion, 
copies of lettars b~tllroen Mr. fi, MI Keating i d .  

th i s  o f f i c e  relative t o  membership of Mr, f. A* 
Steidl,  on tho Subcommittee. la  o u r  latest let ter  
we trust we have explained the orgmi&atioW set- 
up of the Subcumittee in a sufficiently astisfaetory 
~ I L O X *  

For the President of the Board: 

Very trulg yours ,  

HI H. Zornig 
Colonel, Ordrrance Dep t* 
Chairman, 3ubcoblmi t t e e  on 

Welding of Armor 
4 Incls, 

coo I t r .  t o  L.M.IC, 4 
n I' Ir 3Apr i l  
It "from " 2 7  April 
11 I' 30krah  

( Inclosure 45 ) 



A. 0. SMITH CORPORhTION 
Milwaukee 1 
Wteraoss3.a 

Col. H, H. Zornig, Ch~Prmhn 
Subcommitt~o on tfalding of Amor 
Forrous Ivle trd lurgical 4dvispry Board 
W n r  Departinent 
Wnt ex town Arsenal 
Water town 72, kssachuas t t s 

This w i l l  acknowledge your l e t t e r  of &a$ 4 with regard 
t o  Su'ocomfttee membership on t h ~  Welding of Armor. 

I was not aware of the nembers and alternates or ig iml ly  
suggested by Mr. Chyla, Mter reviewing the mattar we 
feel they are entirely satisfactory as they st&, 

Thanking you f o r  your suggoetf ons in this ra t te r ,  I am 

V e q  t ruly yours, 

/ g /  L. M, Reating, Man~ger 
Special Psoduc t e Divi a ion 



I "!@ 
A. 0. SMITH CORPORATION 

Milwaukee 1 
Tqisc~nsin 

June 26, 1944 

Cnlanel H, H. Zornig 
brdn~~nce  Topar tment 
Chalrmn, Subcornit t e e  on ?Velding nf Armor 
Ik ter town Arsenal 
Yatertown 72, MeUasachusct t s 

D e a ~  Colnnel 'Zornig: 

Vith reference t o  your l e t t o r  nf k y  4 on the subject of 
nomberskip in %ha subcnmmittae we believe that y ~ u r  Past 
l e t t e r  is entirely satisfactory t o  us, Eir. S t e i d l  will be 
n u r  a l t e r m t a  for Dr. Blanchard o n  the ~ubcnmmittce~ 

Very  truly yours, 

1 s t  Jnhn J. Chyle 
Eirectnr qf Welding Baeearch 

(Inclosure 47) 



MfrnDIX A 
Part I-c 

Transmission of Data 

One of the functions of the Subcommittee on Ifelding o f  Armor was t o  
facilitate the exchange of information relating to welding of afplor and 
developments relating thereto. A t  the same time care bad t o  be exercised 
t o  prevent such data from falling i n to  unauthorized hands. 

Because of  this responsibility certain requirements vere established 
f o r  acknowledgment of receipt of Subcommit tee  data by industrial members 
of the Subcommittee. In the beginning of Subcommittee activity this re- 
quirement was applied a l ike  to Service personnel as wel l  as fndustsial 
personnel who received Suboommittee data (~nclosuras 1 and 2). The policy 
ilrvolvsd was indicated by Inclosure 1. 

Following each regular Su'bcomnlttee meeting a s'ummary of the  msetfng 
was usually prepared and trmsmitted for information of the Off f ce, Chief 
of Ordnance (Indlosure 3 ) .  This p ~ a c t i c e  was followed for each meeting of 
the Subcommittee ( ~ n c ~ o s u r e s  5 ,  6 ,  g, 9, 20, 23 and 24). Receipts for suah 
communf cat ions were n o t  rwqulxed. 

Usually the swnmaries of meetings vtere q o t  sent out to individual mem- 
bers of the Subcommittee except as an incorporated part of the regular 
minutee. In some isolated casos, howwer, a summhry night be sent t o  an 
individual who had attended the meeting 'by special  invitation (~nclosure  
4) f o r  h i s  informtion ~ n d  file. 

The minutes of each Subcommittee meeting consisted of a afneographad 
copy of the stenotyped tr,mscrf t of discussions together wPth fhe  swmTnry 
(Inclosures 3, 5, 6 ,  and 8 atc. 5' and minutes of the Group meetings with 
l i s ts  of attendancec These minutes were usually sent t o  all industrid 
Subcommittee nsnbars of record and a l l  Service rind Governmental agencies 
represented at the meeting. T r a n s m i t  td vras by off ic ia l  letter  (~nc losure  
7). A receipt was required of a l l  industrial representatives t o  whon tho 
minutes were sent. This principle is indicated by Inclosures 20 and 110 

One of t h e  problems encountered in the enrly development activities 
of Subcomittoa on Resia  tance Iblding was t h ~ t  of gotti,% all pertinant 
data on praparntion of t e e t  specir.~ena into the record (Inclosures 12 find 13) 
because the npiker of the tost specinene d i d  n o t  t&c the time t o  dotarnine 
and record all conditions involved, 9'115s trouble w a s  a l s o  encountered by 
the other Subcomaitteas and the development of tho verious standard dnta 
forms RAS, MS and !'!AS wns the  result, Submission of suah forns with each 
t e s t  plate eventually became a requirement before t e s t s  would be made by 
the facility involved. 



There is attached a cnpy cf ldelded Armor Report NO. - 
covering the  bal l i s t%c t e s t s  on a welded m a t  turret. The material 
contained therein WRS extrncted f r o m  an Aberdeen. Proving hound lette'l. 
report &ted December 10, f 940, This report is dlso  being sent to 
members of the C a s t  Armor Subcommittee. I t  is planned to dietribute 
other reports of a aimflm nature t o  the Su%committee on Melding of 
Armor f rom time t o  tlms. 

In order  to sp.ve time and work, future repor ts  m ~ y  be for- 
warded t o  subcommit tee  m e m b e r  without  transrnittec'l letters.  Such re- 
ports, howaver, w i l l  be nccompaniad by recelpt forme similar t o  the 
one inclosed herewith, whf ch indiviP-ual members should sf gn and raturn 
t o  this ~ ~ ~ e n a l  for record purposes. 

I t  is to  be noted that the  attached r e p o r t  I s  marked "%- 
stricted." A d i f f e r en t  classif ication mqy be indicated on other re- 
p o r t e  ~ubmitted in the future. Care should be taken t o  insure that 
the attached repor+ nnd others which may be furnished l ~ t e r  do no t  
f a l l  i n t o  unauthori~ed hnde snd tb.t these reports w i l l  be used in ac- 
cordance with the procedure for material of th i s  nature agreed noon a t  
the recent subcommittee meeting. I 

Very truly y o u r s ,  

S. B. Ritchio 
Lt. C o l , ,  Ord. Dept. 
C h i r m n ,  Subcommit t e e  on 
Ifelding af Armor 

3 Incls.  
Repor t 
Receipt Form 
Envelops 

(Inclosure 1) , 



I hereby acknowledgo recolpt of Restricted copy 

of w o r t  of Mesting of Subcornittee for vrol.ding of 

Armor, January 21, '194.1, h e l d  a t  Aberdeen Proviw Ground* 

Signed :- 

J, F. T r y ~  
&,JOT, O~dnanco Dept . 
Off f ce, C h i i f  of Ordnance 



Labo rat ary June 25, 1941 

Sibject: Meeting of Subcommittee f o r  Wexding of Armor 
a evela land, Ohio, June 20, 1 9 4 ~ ) ~  

To: Chief of Ordnance, 0. S.A. 
Washington, D, C,. 

AIP!@N: Industrial Senice  - Artillery ~ v i s f o n  

1 Representatives f r o m  f ive  fabrimtors of welded structures, 
two svpplfers of rol led  arnor plate, three suppliers of cast armor, 
six elec troda' mnufacturers, Off gee, Chief of Ordnance, Abgrdeen 
Proving Ground, Rock Island k r s s n d ,  Watertown Arsenal, &I$ "the 
Chicago , Pit t @burgh, Philadelphia, and Cleveland Dis t ~ i c  t s.:att ended 

. - 

the subject mesting, 

2. The fol lowing actlon was taken regarding the mtters 
listed on the Agenda, a copy of wh$ch is attached. 

a. Tha EQcJhy Campany, Yark, Pennsylvanis, was named as an 
d d i t r o m l  aenbsr of the subccmuaittae, 

b, The aroeze hrporatioa, Newark, Pew Jersey was mead. aa 
n memKer of the subconnittee t o  be represented by Mr. R, S* Kamarnitslw 
because of his q e r i e n c e  in the welding of light anor .  

c. f t  was agreed thttt the present c a s t  arnor representatives 
on th; camitteo would retain membership for the tine being and muld  
participate in the comi t tee activities when subjects pertsintog ko 
cast -nor were involved. 

d. In generatl, SpecificationAXSb97, We_lai= o f  Amor. Arc 
has been found t o  be satlafactory as far as tho sxpsrience with the 
fabrication of two medium tank hvl.1~ by welding is conoerned. The 
statement was made by the representative of one fabr'imtar and =reed 
t o  by others present that the morn$ of plate required for irdivfdual 
welderi a Qualification 18 greater th&n noceaslary- 1% m8 fe l t  that  
qualification an the naximuen thickness of homogeneous plate t o  be 
used on the contract ra ther  t h n  qualification on the ninkmum thi* 
ness of each of several thicknears ranges would 'be satinfauCory. 
cordingly the fol lowing revision of p~.regraph F-2b(l) of Specification 
US497 was recommended and is Concurred in by this Arsenal: 

(1) Pengraph ~-2b(l) t o  read as fo l lows:  

"A taoqlete q u l i f f c a t i o n  t ee t  fali each welder 



t o  weld on homogeneous armor shall consist of the 
traking of at least one butt j o i n t  not leas than 
12" l ong ,  of the greatest homogeneou~, plate thickd 
ness to 'be welded under the contract, and using 
the qualified welding procedure, For welder 
qua1 iff oa t  i on  on f ace-hardened armor the plate 
thicknesses used shall  'be in accordance with 
Paragraph F-2a(2) ," 

e. The applicability of resistance welding t o  the fabr ica t ion  
of ar<ored structures was discussed. The idea was expressed by the 
representatives of one industrial f i r m  that flash welding is feasible 
f o r  butt joints of homogeneous armor up to 2" in thickness forming 
a j o i n t  up to 4gIq in length. With reference to face-hardened armor 
no definite suggestions were made, Mr. R. T. G i l l e t t e ,  General 
Electric Company, Schenectady, New York, an authority on resistance 
welding, who attended the meeting as a guest, suggested that  the 
pulsation typo of spot welding probably is tho most satisfactoty type 
o f  spot welding fo use in the fabrication of armored structures. 
Mr. G i l i e t t o  emphasized that sca le  must bo completely removed from all 
surfaces t o  be spot welded. 

Adverse comment f rom several repreeentativae suggested that 
spot welding is not as hpplicable to heav  plat0 as I t  may be for 
l i g h t  plate.  The opinion was also expressed t h t  the  spat welded 
type of joint would not be particularly efficient from the stress 
transmission viewpoint. It was agreed that a em11 grohp of resietanco 
welding experts should be organized t o  study the problem of  spot 
welding of armor. 

f. It was ~tated by the two firms whf ch have been involved 
in th; fabrication of medium tank k3 hull assemblies that the 
welded type of fabrication can bo easily and economically accomplish~d 
resulting in a l i gh t e r  and ballisti~Jly superior structure. 

g. From the discussions which took plnca regarding the bal- 
l i s t i c  testing of welded structures the20 appee8 t o  be n need for 
standardization of the methods of teat. 

h. It was indicated that there is l i k e l y  t o  be a shortage of 
elec t&do m.-.torials occlzs ioned by the overload of s.mll merchant mills 
with the demand for sma1 arms armor piercing bullet core stock, It 
w,w stated that an electrode of the nustenitic 25-20 o r  ~irnil~zr type 
is most setisfnotory for welding of armor where preheating is not 
used. Several companies a r e  engaged i n  developing other ~ l s c t r o d e  
compositions which rnw be suitable. 

i. With reference to cracks which occur between the edges of  
and r i v e t  holos and tho surface cracks which dovelop upon heat 

treatment fln face-hardened armor, samples of plates having both typcs @ 



w 
of cracks w i l l  be sent t o  hberdssn Proving b o u n d  far t o a t  t o  deter- 
mine if defecta of this type. a r e  cau~e f o r  rejection. Some craeks 
deaveloping between rivet holaa and pltkto edgers w i l l  be repsired W 
welding t o  determine if repair can be aatiafactorily made t o  salvage 
such plates. There plates are t o  be sent t6 Watertown Arsenal for 
netallurgical exe~minat ion after t e o t  at dberdeen Proving & r o U  

J. ~ h o  problem o f  the xepair of casting defects which are  
uncovered during machining waa discussed and the opinion was expreseed 
that  whether or not the  defect ahauld be repaired m u m t  be l e f t  t o  
the discretion of the inspectar* 

k. The experimental programs on the welding of armor which 
are ig ptagroes and have been completed were diecussed. 

1. A Research Prngram Subgraup of the committee was designated 
by thz chzllsrmn and approved by tho members present. This group w i l l  
consist of representatives of the six fabricators who are menibera of 
the  subcornittee, a repsesentative af Rock f sland h o e d  a d  watertown 
Arsenal. The Rack Island Arsenal representative was awgested as 
chairan of the grow. This group  w i l l  convene shortly t o  cnn~fder 
a coordinated research program tn carry out the necessary work an 
the development of welding of armored structures. The group w i l l  sug- 
ge8t  allocation of specific projects and repdrt to  the cnmmittse, ss 
a whnla for considerfition of the projebts proposed. 

3. Copiee of the minutes of this meeting w f l l  be forwarded 
a8 BOQA as possible* 

1 Incl. in dug, 
Agenda 

a. w* us3 
Brigadier General, U+ S, Arw 
President, Permus Metallurgical 

Advisory Board 

(Inclosure 3) 



Mr. R. T, Gillet ie  
General 'El e c t r i o  Co~lrphn~ 
Schensctady, New York 

Denr Mr. Gil le t te :  

Attached, f p r  your infornation and p'ersoml f i l c y  
is a copy of the Raport of the Ibeting o f  t he  h b c o m i t t e e  f o r  
Welding of Amor, held at Cleveland, Ohio on Juno 20, 1941. 

Please note that tho report is ,mrked "Restricted"- 
It should, thorefore, be handled accordingly and not be par- 
mitted t o  fa l l  in to  any a u t h o r i z a d -  bands. 

This i s  t o  thank you again for your at tenbnco  and 
participation in the discussions covared in t b a  attached f o p o r t c  

For tho Preaident of the Bozrd: 

Very t r a y  yours, 

S, B. Xitchie 
Lt,  GO^., Om. Dept. 
C.%i man, Sub conni t t es 
f o r  '!!elding of Armor 

1 Enel. 
Rpt. o f  Minutes 
o f  Meeting 



Laboratory A w e  I .  t 2g, 1941 

Subject: Hoeting of the Subcomtttee for Welding a9 4 m r  
(p i t  t %burgh, Pennsylvania, August 22, 1941 ) 

To: Chief of Ordnance, U.S.A, 
Washington, D. C. 

A T T N ~  ~ n d *  Service - Tank Dive  

1, A nesting of the subcommittee was heldeat the hsquesae 
Club, Pittsburgh with arr~ngenenta mpplied through the  Ordnanca 
District Office and the courtesy of the kraogie-Illinois Steel 
Corporation. Mr. 5. D, Berg, Assistant District Chiof, introduced 
by Lt. Col. J. L. Guion, welcoaed tho grow and exprassed his ia- 
terest in the actfvftios of the eubcomfttea. 

2 a  On the pravSnus day, A m s t  21, 1941, the .Rosearch 
Procram Subgroup, appointed at the last neetiw nf the subcnmitteo, 
assembled t o  devise a coardina.ted reaenrch proRram cnnsls tint of 
projects directly applicable t o  the problen nf the fabrication of 
armored vehicles by weldirg. 

The seven conpahies involved in thf a pr0gm.m a r e  The 
Baldwin Lo ~ o n o t i v e  Works, the A* 0. Snitb Carporation, Eleetra- 
Mntive borporation, York Safe & Lock Cornpamy, dnerican Car 
Foundry C o q m ,  Diebcld Safe  and Lock Conpnny, and the Carnegie- 
f l l i n o i s  Steel Corporation. The program ae pmpn aed, eubdivided 
am% the seven conpaniea, w i l l  consist of the deternination of 
the reeist-uco t o  penetration a@ the abi l i ty  t a  withstand shock 
tests of welded joints on honop,enoous rol led and c ~ e t  armor anc? 
f ace-hnrdened =nor coverf ng the thf ckness ranges now f n prodm tion. 
Included in the program w l l l  be a comparison a f  the Y and H tes t  
plate in several thf clcnesseer anfi rs qualif icatian r?f numerous 
electroties including the 25-20 type, tho modified 18-8 electrndes, 
and promisir# non-austenitic electrodesi 

Watertown and b c k  Island Arsems w i l l  cooperate in 
the ballistic t e s t i q  pmfirams and subsequent meta'ilurgical-ex- 
smimtions of the welded jainto.  Watertown Araenal.wil1 continue 
its program on the basic weldabilifiy of the armor materiala, as 
well as other t e s t s  necrissmy to compare the quality of the joints 
produced* Rock Island Arsend w i l l  continue i t a  praerm of fatigue 
testing and impact testing of the various Qpos of w~lded Jointsc 

The programs outlined by the subgroup were approved by 
the subcomittee. It was -reed that the subgroup would  continue 
i t s  activities and sponsor other reaearch pmjeats as quickly as 
time w i l l  allow, 



k The 8t;abeatm~ittse mesting prep attendad by rsprossntaB~vsn 
from hanfyufwo industriq firma ingluding f~bsiostara, rolled and 
east armor maau;Paatwere, mleet~o&c manufasfurern, the Navy, Bureau 
o f  ships, thm Orbantre Off5ueb BdQfE I#FaflB k s e n e l ,  Aberdeen Prwrag 
Craw& Wate*bowp Arseaal,  the Qhicago Philadelphia, Fit t sburgh, f and Cleveland Qrhaneg Dlstr iota ,  and r, H, W, 6, Hignett, tQeld9ng 
*inerr, repPeaslating the Brttiah Ministry of &apply, Tha fallow- 
ing  eubjeata were dtpauased bS. the subcommittee! 

e, The program for the pwduction of mldium tanka, with 
special atten t i o a  t o  the weldillg requirements, was outlined brisflg 
by an Ordnance Office teprerentative, It war rtatsa thkt by June, 
1942, 300,000 pounds of 18-8 welding rod would be required per month* 
Further discustsfon iadiaatad that the east amnor mufac$ure2's at 
the presenl time have oaly suff iuient  nickel and chromium for im- 
mediate u i e  and that in eweral instances chromium shipment@ by truek 
have been necess- t 6  prevent buz%ailment of productionl The steel 
scrap BitutLt\an i r  &lsb becoming serious at the plants of the cast 
armor manufaatixrrrs. 

b, Mrl HI W, G, Higpett diecussed the welding of tanks 
in Erglaad; s t s t i g  the British are fabricating l i g h t  tanka by 
welding and are about t o  begin production of a heavy tank fabriwated 
by welding. 

buernt; tests  at Abefdesn Proving @round on welded 
plwtss were outlinad, Y jaint t e s t  plates on l&%rolled homogeneous 
plate *de q with 25-20 and Lincoln %morwsldH electrodes, with 
ad. wft,hout softening of flame out edges, withstood shock feats 
ratiefrc:torily, 4 j a ia t  M e  wfth s law al loy  non-austonitic elec- 
trode on surfaoes buttered with 25-20 ms not satiefaatory, cracking 
occurring i n  the weld mete3 and st the junctien of the l o w  alloy rod 
and the austenitic weld deposit, 

d. Mr. A. J, Rape, BddwSn Locomotive Works, stated that 
the iirst & d i m  tank hull fabricated by welding b a  been completed 
at the Baldwin plant, 25-20 austenitic electrode was used success- 
fully, and without the formation of cracks, This experience indicates 
that the fabrication of the hull by weldfng is a much easier taak 
than was anticipated, 

The merits of several types of butt joints were dia- 
cussed, The Lincoln Zlerctric Company proposed a sqyare cut joint, 
Tha Carsegie-Ill inole S t  eel  Carparation sugges tad r daub1 e V joint 
with a mild steel bar st the apex won whlch one a ide  of the weld 
1 s  but1 t up, The 'bw i s  thep chipped out and the opposite s ida  welded, 
re~rulting in complete psnstrrtion. Mrv Hignstt pFOp06ed r singla V, 
5 O  included angle Joint which requirea a m i n i m  of weld metal and 
ng chipping or grPnding, 

f A longthy d i seug ion  ocourred on the.problam of our-' 
7'. 

face, becks - ,or  cracks I rb ,  face-hardened armor ,oceurririg be tween hales 



__C 
e.nd the edasa of al~tes ~ . n d  in ter?ral ly  or removed from holes and edge=, 
h considerable gPrdkntnge of fnce-hariened elate  is being rejected for  
crocke which som~times m e  b~re3.y visible. Ballistic t e s t e  h.ve indi- 
cated t h ~ . t  the. b a l l i o t i c  qun. l i t ie~  of the p l ~ t e s  a m  n o t  ~ffected and 
the cracks 610 no t  p r o p ~ g ~ ~ t e .  Stanbras of reject ion in the v ~ r i o u s  dis-  
t s i c t e  are not  uniform. &irl,encs inAic~,tes  thnt armor plate I s  being 
rejected which would be as s~, t is f~ ,ctorg p.8 plp,te without thnse CFF,C~B 

for the service intendear 

g, Further research work for t he  subcammEttes to consider such 
ES f~tigue t e s t a  of armor joints ,  j o i n t  design, pYnd internal stresses 
werp.outlined. It WRS agrwR thnt mny of these problems are inportant  
end w o u l 4  be given attention when the more immediate probl~ms out l ine4 by 
the subgrnw had been sntisf~ctorily settled. 

h. ?he problem of the r e ~ ~ i r  of defects  in cast  armor un- 
coverod during mchining was discueacd. The r ~ s u l  ts of En investiga- 
t i o n  conducted ~ , t  Watertown Arsennl were outlined. The defect can be 
chfyped or ground out, and welded using a 400~3'. mehefit with a low CQF- 

bon electro4e or p.n e1ectrod.e nf a composi t ion apprnximting that of tho 
cast  errnor. Tests Indicete t h t  by ~ubsequent 1 0 ~ ~ 1  heating of the weld- 
fiffected area with a gcs t o rch  t o  c temperature of from 1~00-1450~~. for 
~.pprnxfmr.tely fifteen minutes, the hnrrtness can bo lowerad t n  th.t of the 
c ~ e t  armor for ease of mchining. 

i. The Chrysler Corporation was proposed forqmembarship on the 
subcommitt~e by kt. Col. R. , Rshm and approved by the subdosunittee. 

. It wna agreed t o  hold the  next meeting of the subcommittee 
in P h i l ~ d e l ~ h l f i  during the pepiod of the American Welding Society 
Amerfcnn Society for Metals canventiono, 

h, Copies of the minutes of the meeting id11 be forwarded as soon 
as prepn.red. 

For the President of the Bap.rd: 

S. B, Ritchie 
Lt. Col., Ordn~nce  Dept. 
ChP,lrman. Subcommittee f o r  

'''el ding of Arwr 

(Inclosure 5) 



Su3 jee t t Preliminary Meeting of subeommf t t e e  
far Resistance Welding 
(watertown Arsenal, A u g u s t  27, 1941) 

To: Ghief of Ordm06, U.%Am 
War Departmefit 
%&hington, b* C. 

Attention: Industrial Samlae, 'Pa& and kmbat Vehi el e Diva 

1. An organizational meeting of a Subcomarittss for &aistaaa& 
Welding was held at Watertown Arsenal on August 27, lghl ,  Preaent 
at the meeting were technical reprereatativee from swsn outrttand- 
f ng compmier manufacWring meistanse welding equipment, togethe 
with sewica representatives f r o m  the Office, Chief of Ordns~noe, 
Wright Field, Rock l a l a n d  Arasnal, and Waf ertown krsenal. 

2. The follow4rg is a sumtnary of the diacuasioni and reaommernd- 
artions reaohed at the meting: 

a. The  acope of the subcommittee was defined r s  the 
oppli~atien of resistance welding methods t o  the pmduc tioa 
of Orhnce and other def enae materiel wherever practicable 
and 'desirable frob ther stu&points of somiceabili ty ~ l l d  
baanaq. An immedlato problem placed bafore the committee 
was the fabrication by resistance welding of armored verhidee 
or resombl i s s  from light homogeneow or face-hardenod e m o r  
plate Q t o  1/2" in thiebess.  In this connsctioa the mpeeiflc 
problem of the attachment of -or in aircraft by clips and 
angles proposed by Wright lieid was discussed. It was fdt 
t b t  tho results of the program autlf nod below would indicatar 
a satferfacrtory method. Subsequently i t  is experctsd that 
sxperiment'al programs w i l l  be conducted to detePmfne where 
resistance welding methods Ban be used as ra. substitute for 
fusfan welding o r  riveting in tha f~brication of @n mounts, 
shields, and other Ordnance nateriel fabricated from structural 
steelar 

b. It was agreed that the siae of the committee 
shoulx be mLntained as savll as practicable and that the 
chairman ahould be a s e r ~ f o e  reprsaerrtative. *. k l c a l a  
Clark, president of the Resistance Welder Manufrcttarsrb 
Aasooiation, will be contacted t o  determine if other r v  
sistacnce welding equipment maufw$ur~re should br r q r r -  
aentrd, When the need for speeiLLi$ts in the f i e l d  of 
reaiststwe welding equipment suoh as eontrol  equipment and 



electrodes is required far purposes of a meeting, such 
rspressntativas w i l l  be invited t o  attend, 

c. ft was brought out by the industrial reproaenk- 
tives-that if their technical men could be put in con-% 
with tho proper perromel at Ordnance and industrial plants 

. 

producing defense materiel, application8 for resistance 
welding methada coula be undouBteQ developed which would 
result in more rapid and economic& p r o d u t i o n  of these items. 

d. A definite program for reeearch and development 
as &;lied t o  the fabrication of armor was outlined. Three 
general types of joint8 w i l l  be inveetigatsd made from 114" 
homogeneous and face-hardened armor, The @es af Joints 
are the lap j o i n t ,  the butt joint forlned by butt or  flash 
welding from the armor alone, and the bptt j o i n t  formed by 
the j o i n i q  of two armr platsa' through n third. intervening 
member such as a butt strap. The following program are to 
be instituted by the sevwKl cornpanlea at the emliest prac- 
ticable W e  on sam@lel ~ 2 ~ d . 2 ~  to be eubjected t o  ball ist ic  
t e s t  aft& prelimimfy t a ~ t s  on small specimen Joints  have 
indicated the best techniques; 

(1) &, w, T. Ober, Thonson-Oibb Electric w8lding 
Company, wf 11 investigate spot welding uai% a 
butt strap j o i n t  and a lap weld Joint in both 
Cgpes of arnor. 

12) Mr. C, F. h n i t z ,  National nectr i c  Welding 
kchino Co,, w i l l  investigate spot welding 
using a butt strap j o i n t  on both types of armor .  

(3) Mr. R. 9, Gil lat te ,  General m p ~ t r i ~  Co., w i l l  
investigate the poss ib i l i ty  of lap joints f n  
both types nf armor by spot welding, 

(4) Mr. J. H b  Cooper, Twlar-Winifeld Corporation, 
w i l l  investigate the butt welding and flash 
welding methoder of forming joints  in both m e 8  
of smor. 

(5) Mr. L. H, Benkert, Progressive Welder Company. 
w i l l  oonduct a progrm on spot welding using 
a butt strap jo int  and a lap j o i n t  on both 
homogeneous snd f ace-Wdened armr* 

(6) Mr. 8, H. Lewis, Swi f t  Elec.trfc Welder Campany, 
w i l l  earq t  out & program on butt and flash 
welding of bath types o f  =nor, 



(7) b, 3. f. Wies, Federa &ob&w sad :?elder be, 
will undertake a p2"og~am on J q  weld joints  
oT arry other immddiate psoblem which requires 
attention. 

8, Rock Irrland Arsenal and Watertown Arsenal will 
assioT i n  the wvrk by conducting baJliet ie  t e s t s  of ~ ~ c t f o n s ,  
physiW testing af epeolmen joints, fatigue teeti@, and 
qetaLlurgica3 examfnatiohs of joints produced. 

3. Watertown Arsellal will underme t o  procure the necessary 
homogeneous and face-hardened armor f o r  th&e tester It is proposed 
to use only the 'gickel-molybdanum type  of armor in the t e s t s  of facem 
hardened armdr aad the nickel-chrome-molybdenwn armor era the homogearnus 
material, 

4. A a~lbgroup consisting of Mr, R. T, G i l l a t t o ,  Chairmain, 
Mr. J., H, (looper and Mr. C. F, Kaunitz was appoltntea t o  consider the 
data which should be recoreled and submitted with tha ~xperimsntal 
joints t o  be tested, Ssrtrice representatives from 'h5ght Fie ld ,  Rock 
Island,Arsenal, and Vatortown Arsond w i l l  ddcido the type of phyaicd  
tests t o  be npplied t o  the specimen jo ints  formed 'tyy resistance weldiw. 

5. It was the consensus of t h e  group that tho next mooting of 
tho subcommitteo should be held in D e k r o i t  and as soon as the pro- 
gramer on l i g h t  armor have been completeL At t h ~ t  time methods of 
fabrication of high tensi le  structml steels  by resistance welding 
w i l l  be considered as bell 8s the best mothade of resistance w d d i n g  
armor which dmolop as a result of tho oqerimentd programs. 

For the C o d i n g  General, 

S m  Be  Ritchis  
Lt, Col., ora. Dept. 
Director of Laboratory 



Subject: Roport of Pral ininmy Meeting of Subcoiumf t t e e  for 
Resistmce Walding 

To: Chiof of Ordnance, U.S.AI 
Washington, 13. C. 

Attn: Indus tlfel Service 

1. There i s  attached, in duplicate, a copy of the &port 
of the Preliminary Moqting of the Subcommittee for  Rosistanco 
Welding, hold at Watertown Arssaal, Watertown, Mass,, Augwrt  
27, 1941, for information hnd file. 

For the Prssidont of the Board: 

S, B. Ri tchie 
Lt. Col., Ord. Dept. 
Chairman, Subcommittee for 
Resistance Welding, 

1 Inel. In dupl. 
Report 



Subject: Maating of Subaomittse for Welding of Armor 
Ootober 24, 1941, Pem Athletic Club, Philadelphh, P h  

To: Chfaf of Ordnance 
U o  $ 4 ,  &npt 
Washington, D. C. 

bt tin: Induetrial SsrvSce, Tank and cornbat Vehicle Mvf 8 i o r  

1. A meeting of the Research Program Subgroup was held on the 
day prscrding the subcommittee mnestingv 

a. The statw of the tset program on H and Y wrlderd platrab 
inauguratd tat the m~ting OIL Amst  22, was discussed. Work o a  the 
t e a t  plateo is under w a y  at Bddwin bmnwtivs Work$, Amerlcdiln Car 8s 
Foundry Cbmpanyb %Pk Safe & Look Company, and A. 0. Smith Corporation* 
Tho mectro-Motive Corporation is using the Unionmelt process t o  weld 
H m d  Y t e s t  plates ih t t g  O W  pl&ntr Diebold S&fe & LO& k l t p a ~  
ha8 shippad three pictea two H and one Y, fabricated from 1/Sn fam- 
hardaed plats t o  Bljrrdren Proving bratmi Par ghoclr t e r t r  ~&rnegie  
fllinofs Steel Gorporatfon is c a w i n g  out a series of tmsta b f  H and 
Y plates with haad weldfag, aa well. as s cooperative program wP th tha 
Union h r b i d s  81 Carbon Remearch ferboratorlers, Inc, at Niagea P a l l s  
ts stuaJr the pasaibflities of the Unionmelt procams in welding 2'' 
thick hoaogenmue maor* 

2. It woa Tescemended that all shock testa  on the H and Y 
welded plates for rrssareh and clevelopm@nt work should be mde. with a 
square-nosed @lug at a o P d  impact. 

g. I t  was recommended that Mr. E. Clapp, Linde A i r  
PraducPa Camany* Nhgrarr Falls Laboratory, be added to the subgroup 
and aubcsmmitfae aembpship as an expert on the Unionmalt proceser 

d. I t  w w  suggested that a program of  low tmpsrature ilae 

pact t e a t i &  of welded jainta i o  armor bs mdertaken, the t e s t i n g  to 
bm done at Watsrtawn Araonsl  or rsome other  suitable plrea. Csrrnegie- 
Illimroie Bteel. Corpor~z,tion agroed t o  furnish sample butt welds in 
3/hn amor, ubf ng bhe apacsr bar for some ef the welds and not  ia 
ntherm fer thr l o w  tmmperature impact t m t s  at Watertown, 

2. The msetixg of the subcornittee was held at the Pennsy3vs~nk 
A t h l e t i c  nub, Philadelphia, on October 24, 1941~ Tho fo l lowing items 
@P irparwee war@ diacusiaed QT the group: 

a. The falLowin,g co~rpahiet a r e  t o  be added t o  the subcomittoe 
1 



as prospective tank manufacturers or coqanfes  active in the development 
or armor electrodes: 

Fisher Body Division, Genera Motors 
Po rd Not or Company 
Lima Locomotive Company 
Pullman Standard Car eg. Conpany 
Amerecan Locwaotive Compmy 
k d i l l a c  Motor Car Company 
Graves Tank leg. Company 
Prsesed Steel Car Compaqv 
Linde A i r  Products Company 
Air Reduction Sales Gompaqy 
Chmpion Xivet Company 
Reid Avery Cornpaw 

b* A subgrouq of electrode manufacturers was s e t  up with Mr. 
E. ~rooke< Ordnance Office, as chairmen t o  coordinate snd e~ped l t e  the 
development of subst ituts electrodes and procedures for the m s  t oatis- 
factory use of present eLectrodea. 

c. The fabricator ~ubgroup reported on the progress of the 
R nnd Y tezt  plate program. It was reportea that two plates fsbricetsd 
by the Unionmelt procese b v o  been teatod at Abordeen Proving booad 
with encouragfng results. 

d. Weldability studies on amor m e  bsing contiwsd at %tor- 
tavn ~rsenz, and Rock Island Arsenal will continue its work on f a t i p o  
o f  welded joints testing goo1 120' and T joint wolds. 

2, Tho mnufactur~rs who aro at p r e s ~ n t  welding tank turrcts 
or hulls outlined thoir practices, American Car 8 Foundry C o w n y  uses . 
a modified 184 electrode in welding the l ight  tank turrets. Baldwfa 
Locombtiva Ihrks are using 25-20 in the welding of tho medium tnnk 
hulls.  

gp The proposed amendments t o  Specification AXS-497 wero ap- 
proved to provide for an ~ l t o r n ? ~ t a  qualification t e s t  consisting of a 
section of a typical woldmont, a l imitation of 4000F. proheat and homo- 
geneoue nrmor, nnd a 200°F. preheat on face-hardened n r o r .  

3r Orl M o w ,  Octo'bor 27, 1941, a meeting of the f~sbricators 
and pro spoctive f abric~tors, as well P.S electrode nrnnuf~cturere and 
samica rapresentativea, co~vonod t o  discuss j o i n t  dosign for the 
Mf and M4 medium tcsks for welded ferbricators. 

a. Considerable discussion occurred regarding the ques tibn 
of how t o  Gaure complete penetration of butt jo inte  find svoia check 
cracking without exccrssive c h i p p i e  o r  grinding. The dvnat@gea of 0 using spac~r b818 were diacqssed~ and it was decided that &pacer bars 



are  permissible if dsaired t o  avoid exoeasi~r&y diff icult  chipping of 
the weld root,, 

'b It was decided that thsrd must be no exposed raw f l m e  
cut plate &r. Plither the.. edge. must br flame s o i t a n d ,  or the 
flame cutting must be dona prior t o  final heat treatment of the plate. 

c. For corner joints, onr plat@ is t o  be located such that 
it strikes-the side of the other plate rather than corner t o  corner, 
and t h i ~  plate is t o  'be bwaled from one or both sides to pernit cow 
pleto weld penrCrr8ion. The beveling far  machiha welding ~ h d l  ba such 
that the weld cen ba made from the outside of thr taak h@l. All back- 
ing strips are t o  ba removed. por hand welding, the bmvel muy be ouch 
that tho backing e#ip is on the outside t o  permit accessibility for 
~bippiag. 

L It wa&r w a d  that the generid requirement for all. wlds 
t o  hrre oo&lsts penatratlon should be adhered to accept f o r  lap joints. 
In thie cage, two independent f i l l e e ~  are t o  be used. 

q. A discussion of the attachment of 75 n/r guln housing 
coating t o  the hull brought out  t b t  dis tor t ion  of the casting due t o  
wrlding thrsw the rotor bearing aocketa out of  round and digment whsn 
fiai~h machined before welding. I t  was suggested tbt f i n d  araehirdng 
could bta done after welding, It was dbbfdsd t o  weld fa th i& hourring 
cae ting, F*m infornotion s m l i e d  by Rock Island Arsanal, thls welding 
requires the use of 25/20 with~ut  question, 

In discusrsing the design of the I& medium tank hull, it  
was explained by Ordnance represcmtatives that of woldfw 
precedure Qlnd ve ld~rr  would bm required under Specification AXS497, 

g, It  wae diecles@d that several of tho prospective Pabri- 
catnrs contamplate using the Unisrtrnelt process for welding Prmor. It 
wars suggested by One roprsaentrtive that about 70% of the welds required 
ceuld be done by machine welding and 3 6  by hand. 

hi Disoussiom of attachment of the turret ring t c  the roaf 
plat* broGht o u t  that the use, of shim tack welded t o  the roof plate 
was permiserf'ble provided that shim are no more than 1/8It, and 
t b t  suitable gaaketa fox wrterproofing are used, 

4, bpirs  of ths minutes of thc subcommittee mating ,  as well 
as a 6-rg of the feeseorch Progrm Subgroup meeting, w i l l  be sub- 
mitted as soon os available. 

For the bmeident of the Boerdt 

SI B, Ritchie 
Lt. Colonel, Ord. D q t r  
Chairman, Subcamitt@e for 
Welding of Amor 

( laclasure 8) 



Laboratory 

Subject: Meeting of Subcamit tee for Resis tame Welding 

To S' Chief of OrdnancB, % 8- 
Washington, CI 

Attn: Iadus trial Service, Research and Wiaeering 
Superpieion 

I. Reference t o  TT 4010, 12/31/bl, h:02 FM EST, OM @im/GT, 
a meeting of the Subcommittee for Resistance Welding was held at 
Wright Fie ld  an January 13, 1942. Duplicate copies 04 the Agenda 
f o r  the meeting are attached. The ettendance consisted of rep- 
resentatives from: 

Progressive Welder Go. 
General ELectr.ic Co. 
Bodera1 kchine & Welder Go, 
& t i a n a l  mectric Weldiw %chinee . 
Glenn L. Martin Ca. ( N a t i o ~  AfrcraPt 

Standards bramitteer 

Office, Chief of Ordnance 
bvy hpt,, Bureau 09 Aeronautics 
Ordnance Off ice, Wright Yield 
Materiel Division, Wright yield 
Rock Tslarrd k s e d  
Watertown Arsenal 

2. *orimental work which 4 s  been completed t o  date was 
reviewed a d  discussed and the followfng conclusions may be &awn 
as t o  the applicability of the ln~lthod to the fabricstioq of light 
arm r . 

a. Lap weld jo ints  or butt strap joints can bs oatis- 
factarilp &de with spired and ecosoqy with both facehardened and 
homogeneous amor i n  thicknesses up t o  a t  least 1/2 inch, Construc- 
t fon of this nature w i l l  eliminate the n d o r i t y  of machining opera- 
t ions  necessary on this armor and produce j o i n t s  from which b o l t  
heads ~ n d  other possible missiles are eliminated. 

b, With specific reference t o  the attachment of armor 
t o  slrernf? structures, cl ipe or angles have been spbt welded t a  
114" and 1/2"face-hardorred armor and aubJected to bal l i s t i c  t e s t  
on the plate whfch is mare severe thaa that specified for the armor 
f %self, This method aaems most immediately applicable to aircraft 
insta lat  ions t o  ellmimite the expeesive driIlPag opsrrttbna for 
bolt holes and the severe dimensional tolwaaces now required. 



g. Fatigue t e s t s  which hime been completed at  Rack Islnnd 
Airsem1 indicate  the spot welded j o i n t  hRs satisfgctory fatigue- 
resisting properttes. Single-epot joint8 def lected 3 /Pt '  on a 6" 
moment ecross the joint have withstood 250,000 cycles of stress 
revereels without frnctwfng the spot weld, 

3. hntlciprrting s requegt by the Air Corps for R ~ p d ~ i f i c a -  
t i o n  t o  cover the Resist~nce Ifelding of Armor, Watertown Arsensl is 
t o  prepme a prerfmin3ry dra f t  f o r  submission to the subcommittee 
~ n d  the semices, fbr approval,. The ,following general charncteriatics 
are t o  be incorporated: 

n. Only nrmor which meete the requf rementa of  e i t h e r  speci- 
f i c ~ t i o n  Es-490 or BXS-495 w i l l  be considered for resistence welding. 
Heats of armor which h ~ v e  been qualified far other Ordn~lnce applica- 
t i o n s  w f l l  be further tested aa a resistance-welded assembly of a def- 
Inite twe. 

b. The resistance-welded a.ssemblg w i l l  c o n s i s t  of n n i e c e  
I 

of armor 1 8 " x l ~ "  equme to which four attachments RIP welded onto the 
corners, The nttnchments will be of a specified s i z e  ~ , n d  shape for 
each thickn~as of Farmor ~ n d  the ~,ssembly w i l l  be attached t o  R proof 
butt in a prescribed monner. Procedure a u n l i f  i c ~ t i o n  of the resiat~.nee 
welded assembly w f l l  coh~ist of the b ~ l l f s t l c  testing o f  this ~ssembly 
with attention focused on n severe shock t e s t .  

c. I t  was suggested by the Ordmneo S s c t i a n  of Wright F i e l d  
t k t  for purposes o f  simplifying int3pnction. it would be  rdvienble t o  
qualify mmor producers as prime contractors for the  resistance welded 
assemblies in f inishofi  form for f n a t R l l a t i o n  i n  ~ , i r c r ~ f  t. Subeeqaent 
inspection after qualification w o u l d  consifit  of R s i m 1 ~ ~  p h y ~ i c r , l  t e s t  
plus periodic t e s t s  of t h e  a p ~ c i f i e d  qualification t e s t  ~ s s ~ m b l y ,  Vari- 
atione in procedure on machine setting w i l l  requipe requalification of 
the process. Emphasis w i l l  be placed upon t h e  q m l f f i c e t i o n  of a certain 
type of mbhine with a definite control cycle, 

4, Copies of the minutes .of the meeting: will be forwarded at the 
ear l ieat  poasible date. 

For the Comm~lniling Genernl: 

Incl. ( D u p l a )  
Agenda 

G, Lc COX 
Major, Ordnance Dapt, 
C h i  r m n ,  Subco.mi t t e e  for 

Re~istnnce welding 

( Inclosure 9 



WL'l'!/ ahk 

Laboratory (mw) 

Subject: Resietanco Welding Report No, 8 

To: Chief of Ordnance, U. 
\hshington, Do C. 

At tn: T o c b i c ~ l  Divi a ion, Aircraft Armanent Devalapmont 
Branch, Lt. Col. H. A. &inn 

1. There i s  inclosod herewith fi  copy of Resistance \folding 
Report No, !3, "Testa of Single  Gpot Welded Joints f o r  Attachmoat 
of Clips t o  1/4" Homogeneous Md Face-Brdoned Plnte. " for your 
informtion and f i le .  

For the President of the Board: 

G* L o  COX 
&t* Colt, Ord, Wt* 
Chairman, Subcoma$ t t e e  for 
Resistance Welding 



-- . 

Laboratory (wLW) 

Mr. J. H. Cooper 
Senf ox Welding Engf neer 
The Taylor-Winfield Gorp* 
Warren, Ohio 

Dear Mr. Oooper: 

There i s  faclosed herewith B mgy (No. 9) of Resietance 
Welding Report No. 8, "Tests of Sfngla Spot Weldsd Joints for 
Attachment of Clips t o  1/4" Homogeneous and Face-lbdensd plate. 
Please retwn the inclosed receipt form, properly f f l l e d  out as 
indi catede 

Thmre i a  a l s o  farclosed a 96Pd for indicating your aor- 
rmt matling addrela. Flreae return thi8 form at your serliast 
c 0 m ~ n S ~ n c l r  

For the Presaidsnt of the Board: 

Yours very truly, 

01 L. 
L t r  &Is, Ordr Wpt. 
& a i m ,  Subcomittes far 

Rcsistw Wsldiw 

4 Inch. 

' Receipt Form 
Address Form 
Raturn Emelope 

(Inclosure 11) 
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P I : *- ' I  

The TayXorWinfield Coqorat$on 
Warren 

Ohio 

Watertown Arsenal. 
c/o Major G. L. Cox 
Chairman of &b-Commf t t e e  f o r  h s i ~  tancc Welding 
Water town, &so. 

Dear Major COX: Subject: Resistance Weldia~ Reports 

We have recoivcrd a copy of your recont report No. 7 and wish aggin 
t o  call  t o  your s t tent ion the fact that these reports are not fulfilliw 
the agreements made at t h e  initial moeting at Watertown, August 27, 3941, 

A t  that msoting, whsroby the various resie$anca welding compmios agreed 
t o  make available tho servicee of the i r  laboratories at no expense to 
tho Ordnance Department, the divis ion of work war; made with the under- 
standing that all information on tha various projects wra t o  be reported. 

1 

A small committee was formed a d  h e e d  up by Mr. R. T* G.Lllettg, as 
Chairman, to  make up a tabulation of the vwiwblea In making the welds st 
thct a11 informtion would be recorded in a uniform manner, In the case 
of spot welding, such recorded variablerl w o a d  be pressure, current, 
timing, electrode aize, etc. 

The varfoud reports which have been issued have had none of this informa- 
tion, and as suah, o n l y  indicate that welds are balliaticnlly satisfactor , 
o r  unsatisfactory, without crzrying any vital informtion re how to re- 
produce euch wolds. Any informtion as to hardn'esa p l o t s  is of limited 
value, if it cmnot be correlated with tho conditions under which the 
welds were made* 

We fee l  quite strongly about this l@ of informtion, a d  nre heailtat 
to proceed with a progrmi which appears to. be inconclusive in its result: - 

Please advise if the previouoly issued reports can be supplemented BY tl 
missing data. 

Yours very truly, 

JHC: TT /8/ J. H. Cooper - Welding Engineer 
cc: B. T. G i l l o t t e  

Works kboratory 
General Electric Compatly 
Schenoctrdy, New York 

(~nclosure 12) 
-5%- 



Mr. Jd Mc Cooper 
Membe~, Subcommit tap for Resifi ta,nce 

we1 d l  ng 
The Taylor-Mnf i e l d  Cornoration 
l a r r e n ,  Ohio 

I3en.r b5, Cooper : 

ye are in receipt  of your l e t t e r  of March 10, 1942 with 
reference t o  the d5ta being included in the resistance welding re- 
ports.  1% fire in sympathy with your criticism, but the reports 
contain  all the informatian s ~ p l i e a  t o  us ~ i t h  the  t e s t  plates. 
jipparently the coqaniee  m i n g  the test p l a t e s  have rocorded the 
data but wfa unwilling t o  divulge the c o m l e t e  welding techniques 
at t he  present time. 

The who12 subject w i l l  consCitute a topic for dfecuesion 
~t the next meeting of the subcommittee. It PpgeRrs that each corn 
pany intends t o  proceed ~ n d  evolve F, proper technique. Und.oubtedly 
theee techniques w i l l  be divulged when the  ultimate in quality of 
welds he,# been schfeved, a t  which time R corre la t ion  of welding tech4 
nigue end bE?12istic results can be made. 

Your interest in these wtters iff spnreciated. 

For the  President of the Bon.rd: 

Very truly yours, 

G. Le COX 
Major, D ~ i l . ~ n c e  Dept. 
Chairman, Subcommittee for 

Resistxnce 'felding 

( Inclosure 13) 



&rly in '1942 the demand f o r  production of armor weldments reached 
such proportions that the Office, Chief of Ordmace, in k s c h  lgu 5s- 
sued instructions t o  al l  Ordnance Districto (ln~losure~ 14 and 15) urging 
qual i f  %cation of the Unionmelt process for welding armor by b a l l i s t i c  
t e s t s .  This action encouraged all wmor Pabricetors t o  obtain t h i s  tyye 
of welding eqdpment and attempt t o  qualify a procedure b d l i s t i c  
tes ts .  

It should be pointed out that the 'recent b a l l i s t f c  t e s t s  of union- 
melt welded p1ates"reforred t o  were o f  platerzl weldeit of the then c u r  
rent high-alloy, o i l  quenched armor. A t  thia particular period, March- 
April 1942, pressure bad begun to be applied to the stsol industry to reduce 
the al loy content of armor and as a result fabricators encountered great 
d i f f i c u l t y  subsequently in obtaining qualif f cation of the Unionme1 t gra- 
ceas, Qudif icat ion was, however, obtained for certain specific Joints of 
armor hulls by certain fabricators. 

Care was taken by the Subcomaittea Chairman t o  insure accuracy of 
Subcornmi t tee minutes in connection with discussion a f  tho Unionme1 t 
proceas (Inclosure 16Ir A copy of the uneditsd tramscript of discussions 
at  this  meeting wzs loaned t o  General Motors for their informtion in 
connection with their poasfble use of tho Unionmelt process (Inclosure 17). 

The enthusiasm f o r  commarcinl exploitation of welding developments 
was, in one or two instances, roaponeib5e for  werstepping the l i m i t a t i o n s  
prescribed by the &pionage Act. Mostly such incidents occurred because of 
ignorance of ssuarity regulations, In such cases the Choirman o f  the Sub- 
committee took steps t o  prevent such commarcinlizing of c l ~ s s i f i e d  data 
( Inc loswes  lf5 and 19). Inclosure 19 was eent t o  all Subcomitteo industrial  
members f o r  the i r  informat9oa. 

A prellmfmry draft of Speciff cat ion tfxS-169 and proposed draft of 
data form f o r  resistance welded t e a t  plates (result of Inclosure 12) were 
forwarded for crit icierm and comment t o  the Resistm-ce Welding Group 
CInclnsrrre a). As a result of agitation by the & s i s f ~ n c e  Welding broirp 
at the n i n t h  meeting of the Subcommittee Sn September 1942, a quostZonnnire 
(see  SC-12 and SC-13, P ~ r t  IS1 of th is  ~ ~ ~ e n d i x )  as l n d i c ~ t e d  By Inclosure 
22 was prepared nnd circulated t o  the Industrid members of the Subcommittee. 
Replies were forw~xded t o  Mr. Cooper for compilation and report t o  the  
Resf stence Welding Group. Resistance welding was not seriously contemplated 
by tank fabricator* because of the thicknesses nf armor fnvolvod in the 
usual tank f abricatian, 



W a r  Department B R D O K & R / ~ ~ ~  
P Off i c e  of the Chief of  Ordnance 

0.0, 470.5/9045 Washington. 
Y Ind, S a m , ,  Ta& Div, 

Armor Plate Section 

March 17, 19k 

SubJeat: Welding Armored Hulls by the Unf onmelt Welaing P ~ o c e s s  

To: Cormanding General 
TVatertown Arsenal 
Watertown, Massachusetts 

1, Copy of l e t t e r ,  above subject, sent t o  d i s t r i c t  offices, 
under date of March 14, 1942, 1s f 0~ardt3d for your information* 

By order of the Chief of Ordnance: 

/ a/ JOHN L. ATKINS 
Major, hdnance Depte 
Assis t a t  

1 Inclosure 
Copy letter Cleveland Ord 
D i s t , ,  Cleveland, Ohio, 
3/14/42. 



e r 
Y 

Ind, S e w . ,  Tank Dive War Depir tment 
k m o r  Plate Section Off ice of the chief of Ordnance 

Subject: Welding Armored H u l l s  by t he  Unionmelt Welding Process 

TO: meveland Ordnance District Off ice 
1006 Terminal Tower Building 
Cleveland, Ohio 

1. On the basis of recent b a l l i s t i c  t e s t s  of Unionmelt welded 
ff plates at Aberdeen Proving Ground, the Ordnance Department approves 
thia welding process for armored vehicle hulls of homogeneous armor. 
Welding contractors desiring t o  use Unionmelt must now be urged t o  
qualify in their plants on the baais of information and materhls from 
tho Linda Air Products Company. A stock of the proper Unionmolt wolding 
wire is inmediately available. 5% noceseary stope are being taken t o  
increaee the supply t o  meet production &emindab 

2. The specification f o r  welding a m r ,  US-$97, spccif icn l ly  
applies t o  ma& arc welding. No spociffantion has y e t  boon prcpaxad 
for q u l i f i c e t i o n  of procedure with tho Unionmel t procass, IZowevor, 
such a spetif ication is being proparad, and you are advlaed tiv,t wold- 
ing contractors must submit a minimum of welded H plntea. The thickness 
of these shall be 1-1/2" t a  qtudify n ~ l d i n g  contractor on medium tank 
hulls. A l l  of thcsa contractors shall furnish oaa R plnto of rolled 
homogeneous ~vrnor* If c a s t  armor is t o  bo welded t o  cast armor, o r  t o  
be wolded t o  ro l lod  armor, H plates mada of theeo combir'liatiom m s t  be 
submitted, Thnt is, an H plate half =st and half rolled, and one Y 
plnto of d l  caat  armor must be submf ttod to Abardeon. 

3. fnapection. An inspection n t z d  for Unionmelt welding is 
being prgpmod nnd w i l l  be forwarded to you as Boon ns available, Mcan- 
whilo, your inspectors must assure thamaelvos that the acme currents, 
feeds, speed-s, next and alectrode, used in production welding, ara used 
f o r  the qualifying H plate or plates submitted by the welding contractor. 

4. You are requested t o  circulate the nbove information t o  those 
welding contractors in your District who are concerned with v~oldlng ar- 
mor, and RFO urged to expedite qur?lific?.tion of contractors and produc- 
t i o n  by the Unionmelt process. 

By order of the Chiof of Ordmuice: 

W, 3. BE- 
Co'loael, Ordnance D q t r  
Assistant 

(fnclosure 15) 



Mr. F. G, O u t c d t  
Idember, Subcenmittee f o r  Welding of Armor 
Lfnds Air Products Go. 
30 Enst 42nd Street 
New York, Now York 

Xlear Mr. Outcalt: 

As you requested, there are attached pages removed f ron 
the minutes of the raeoting of tho kbcomittee for Welding of Armor 
.held ia Dotroit on March 1, 1942 whith contain yow remarks on tho 
progreee m d e  on Unionmelt welding of asmr, Please edit your r e  
mnrka ha  you desire and return at the emlieat  paslsibls date. 

We learned in a comprmnfc~tion from the Ordnance Office 
today that the Unionmolt procoae had been npprovsd for tank h u l l  
welaing. 1% believe proper application and cont ro l  of tho procep 
w i l l  yrovide a fine production welding method and expect t o  sad itsr 
benaf f c i d  o f f  ect  upon the tank welding propan, 

Fox tha President of the Bomd: 

Vory truly yaura, 

H. H. 2 0 ~ ~ 1 0  
Colonel, Ordaanec Dept* 
h i m a n ,  Subconuni t t e e  f o r  

Welding of Amor 



April 7, 19k 

Mr. L. A, k l s e  

Chairma, General Motors Mc tdlurgf ca 
Subcommittee 

Cadi l lac  blo tor Car flfof s i o n  
General Motors Corporation 
Detroit ,  Mi chi- 

Attached is f i  copy of the uneditsd minuter of the mati+ng 
of the SubcomStt@e f o r  "Walding of BTmr held in Detroit on W c h  
1, 19b2 which m a  being forwarded t o  you at the request nf the 
Ordnance office. P l e ~ s e  returd t o  this arertlnrl when they h v e  served 
youx pUPpos0. 

With r e f  crence t o  your lotter of April 2, 1942, we h v s  
written t o  Mr. C, Wr Laufls of Groat Lakes d with hi s  perariseion 
w i l l  farward ia oopy of the report t o  you as soon as w0 have heard 
f ran ham, 

&on the occasion of your visit to this meem3, you sol. 
marked that in your laboratories tensi le  specinens are not throadad 
but n r a  provided with shoulders which are &rtpped by opadlnl adapters. 
In the pzzet tbigl t y p e  of specimen b e ~ n  ilntrastfgated here but 
without complete succere. We would. srppreci~tte FOCCIPI~~ blue prints 
of your various sizes of tonsils spacincns as well as a drawing or 
photographa of the tensile mchine fixturesr 

Your co-operntion in thesa = t t e r s  10 apprecOnted- 

Tor tho Comandf ng General 8 

Very truly ynura, 

(Inclosure 17) 



Subject: Publiciw on A m r  Welding 

To: chief of Ordnance 
u, s, A m y  

. Washington, D. C, 

1. Attached is a photographic copy of an advertisemant of 
the Arcoe Corporat ion relative to the use of modified 1g-X al loy  elec- 
trode for welding armor, t b t  appeared in the April 1942 I ssue  of the 
Welding Journal, the o f f f  ciaJ organ of the American Welding Society. 

2. The development of the welding of armr plate by commer- 
c i a  companies has been coordinated through the Subcommittee f o r  the 
Welding of &mor (of the Ferroua Metal1urgiaa.l Advisory Board) at 
whose meetings, of neuessity, the composftian and ball is ti^ charac- 
terfsticd of the armor plate and welding metbad proposed have been 
dificussed, AX1 those present at the meetings of this Subcalmnittee 
have bean rape~tedly cautioned that th i s  information i s  classified 
ae restricted. It seems, therefore, that the pu3lilcation of the in- 
f o a t i o n  contained in the subjoct advertisement he decidedly out of 
place, ss disclosing the line along which our  devolopmehts are pro- 
ceeding and the progress that has baen made. 

3 !be Arcoe Company is represented on the Ferrous Metallur- 
gical Board's Subcommittee for Welding of Armor through Mr. R. DI 
Thomas, Jx. Nr, Thoraas, himself, from a l l  appearances b a  been very 
active oh the Subcommittee and most cooparntfve in its work. 

4. It is b o l i m a d  that the publication of informtion such 
as is c o n t ~ i n e d  in the attached advertisement should not bo allowed t o  
go unnoticed, but at the s m e  timo, eaxe mast be taken not to push a 
reputabf e msmufnctursr out of the dovolopmcnt and production pictwo* 
It is, theroforc, suggeatsd that one or both of tha f o l l o w i n g  l i n e s  of 
action bo tnkon: 

a. A l e t t e r  be writton by the Wfice ,  Chief of Ordnance - 
t o  tho drcos Corporation indicating t o  it that, tho 
publication of t;ho informtion contained in the sub- 
j e c t  advertisement is considerod Lo be contrey to 
the best interest of the national defense. 

A circular l e t ter  such as the.  draft attachod 
bo addressed t o  rzll members of the S&committee 
for W~lding of Armor. 



C of Ord 
Publicity on h o p  welding 

5. f t  is roquesfed that th is  srssndl  be Informed cf any act ion 
t h t  is taken in this matter. 

H, H. m m G  
Colonel, Ord, Dept. 

Chafrman, Subcornittee fns 
Welding n f  Amnr 

2 Incla. 
( Incl .  1 - photograph co y.  of 

advortlsement ? i n  dup. 
( f  ncl. 2 - Prapnsed latter t o  

menbcrs of Subeomit tee  
fgr Welding of her) in trip. 



SubJectt Discllosure of Information on the Welding of Armr 

TO : ldembers o f  the Ferrpus Metallurgical Advi gory Board' s 
Subcommittee for the  Welding of Arnor 

1. I t  hasj cone t o  the a t t e n t i o n  of the Orfhance Department 
that an advertisement recently published a carparatfan which is 
represented on the Ferrous Meta~lurgicdL Advf sary Bnnrdi s Subccr~ 
ui t tee  for tha Welding of Arnor contains tho Fol lawing  s tatemants: 

Developed snloly for armor welding. 

Annaunced qnlg after exhaustive tests .  

KpCs net the Amy brdmnco ballistic testsr 

Does n o t  crack uoder s severe locked-up stress 
test ."  

2, f t is. considered by the  Chief of Drclnance that the  pub- 
l i ca t ion  of such infornatipn is not in the b e s t  interest  nf the 
national defense, and it is requested that tho members o f  the Sub-. 
committee uso their best influence wf th the  Advertising Department 
of the companfes thay r-epresent to prevent the publication in advef- 
tisernent p r  elaewhero of information uhich might disclcse t o  our 
enemies the l i a e e  along which the developments in the welding of ar- 
mor a r e  proccoding ill th is  country or the progress t h t  has been made 
in these developments, 

For the President of the Board: 

9, H e  ZOgiJIG 
Colonel, Ordnance Dcpt.  
Chairman, Subconmittae f o r  
Welding of A m r  



Laboratory. ( mw) 

SubJect: Heating of Subcammittse f o r  Welding of Armor 

To: Chief of Ordnance, U, S, Axmy 
Vael~ington, D; C. 

Attn: SPOm 

1. A meeting of the Subcommittee for Welding of Armor was held 
at the Hotel Statler, &.tra i t ,  Michigan, on Sunday, Septenbex 20, 1942 
with approximately lFjO peraons in attendance, representing armor manu- 
fccturers, fabrfcattrrs of a m r o d  vehicle&, woldf ng electrode mnufncturere, 
manufacturers and usars of resistance welding m~chines, Ordmnce Distriete, 
Off ice, Chicf of Ordnance, CRnndim amor fabri~~tors, Rock 1 sl-d Arsew,l, 
m d  ?!atertowlz Axsand. The df scussion 1 ~ 2 7  be summriesd as follows: 

a. The Alloy S i t a t i o n  (W,P,BI ), - bntinuod consamat ion of 
manmnese, s i l icon,  chromium, nickel, pad pamdlum is necesanv, ~amdium 

coppor h?.ve been elimfn~tocJ f ror; structural steels; titanium and boron 
arc suggested as posafbilitlos, While there i s  at present sufficfoat 
mmganese avnilabl s, rnalybdenum is being consumed f ~ . s ter  than produced, 
Production of chromium from low grade ore should eventuctlly insure future 
supply of that metal* Tha supply of nickel a t o u t  equals the demand becausa 
of conservation now being practiced* h n e l  metal scmp is the on ly  source 
of copper for use in a t e e l ,  

The fo l lowing two core wire c~apositions h,ve been n d o ~ t e d  
ns etandard for austenitfc nodiffed 1$)8 welding elactrodas. No o th&rs  
w i l l  be  melted. Electrode mnnufficturars m e  e q e c t e d  t o  .*laintafn a 6 0 - ~  
inventory, and it is ewected t b t  the a x e  viro rmmfaotursra w i l l  be in 
production with these two compositions by December 1, 

Carbon 
Chromium 
Nickel 
MRngans s e 
S f l f  con 
Phosphorus 
Sulphur 
Malybdenun 

The nodlf i ed  #307 core wire is intended f o r  the all-position 
typo of elactrode and tho nodif iad  #fog, for the downhand type in which 
either or both m4nganene and nolybdonum m e  added from the  conting. In 
reporting weld metal composition, the pad nm1y.i~ uncontnnill~ted by plate 
metal w i l l  be given in all CRBOB. 



b. bmo~erneoue -or, The use of alsetrodee of the madifled 
1818 type fyr murun1 raiding of armr. in diincltrr. of j /B t '  and 112'. 
asvexwl fabricarto~s has indicated that g r ~ a t l y  inerearsed rnter of prod* 
t i o n  and fsw&om from v ~ L d  defrcte has xeaul t~d.  In one instance an 
incrscbse o f  approximately 17-1/2$ resulted from the use o f  3 / Sfi mleatrodo 
in place of the 3/16'' nnd l/bU eleotrods nor-4 uad. However, no dafinfte 
couclwions have y e t  been rmached regarding the uas of fesrrftic type 
elactrodeta for wolding amnor. The application of the Unionnelt process 
appear8 t o  be confined t o  jo in t s  in armor of not over 1" in  thidroesa. 

Bn Ordmmor Dqmtaent &miff ca t ion  for l i lactrade for weld- 
ing Armor was recarnmandrd, t o  be b a e d  on either the hneral &tore $soi- 
fieation, or tho harfaan Weldlng &c ie tp  8geoification. It was further 
~ u g g e s t d  that when such a ~ p e c i f 3 ~ t i o a  I s  adopted, the requirement for 
qualification of electrode; by brand8 should bs diewded ss a basis for 
tha qtmlif fcaf ioa of pmcrdurrtr. 

Tf;$ following conmaants were mde regardlag 8peaSfication 
AxsS97: 

(1) Bsqu$r6llrent for ninimm tiamperatuse of 70QB for 81rEIor 
placte when weldbd presents a dif f iault  problem $a a mbrr  o f  fpLbriaati* 
plonts. 

(2) Iflarif ication of  raquiremeatr far reject ion utsdor pa~or- 
graph &4 is daaired. 

(3) Welder q u a l i f i c a t i o n  pxocedur~ under p~ragraph p-2b is 
istarprated dif fsrentlg in eevaml  Ordnrrnca Matrictsr The specified pro- 
aedure should bss strhtly Pollowe& 

(4) ach new rwision of speaifications ahould b@ maompaiied 
by a C W W ~ W  letter stating the date the r ~ v i a e d  wpeoif icat ion bseomes 
eff sctiva* 

bme diffieultise are being experfen@ with cracks in rolled 
araor as received at the fsbricstorls plant. Also in aome imtancss dimen- 
aione of plats  parts as rraeivad do not aomply wfth tolsrancera shown an 
drawfngr. There rppeme t o  be general agrement tbat f 1/16" tolerance 
i n  sartiaf'actorg. Standards for acoeptsracs of crackr i n  amor are being 
prepared by AbeAeen Proving &ow&. 

2. hok&xPeaed a r r  8pec3,ficstioa US-143 has been prrpprea 
and fa considered to be worhble even if not ratirsly satisfactory. A 
manual of welding proc&urr is in proasss of public&ionm Procsdurm f o r  
weldor r qurrlification oa faee-hardened armor ae prescriBed 'by the spec%- 
f icat ion is not entirely acceptabler At prsaent the plate c o ~ s i t l o n  
and slacfrode w e e  axe not mta-ised so that atandmxdilaatioa of weld- 
ing procedure for  fam-hrd@ned armor i s  not possible. 

4. Airmet A m r ,  Rg~csata t ivea  of ti. number of aircraft 



fabricating cornpenins have organized an ~irer! i f t  Armr Fabrierrtors' Group @ of the Subcommittoe with Mr. P. H. &miman, menn L. K~rtin C o m p q ,  B d -  
timore, RS C h n i ~ m + n  of the &atern  Divisionc 2nd Mr. 8. North, Douglas 
Aircraft Copany, Bazlta h n f c n ,  Ccl., ~s C h a i r m a n  of the Vestern Division. 
The inmediate problem in welding armor for ~ircrn3t  appears t o  be thht of 
attaching clips end auxil f nry connections. 

o .  Ihaistance Melding, The Subcommittee f o r  beistance Welding 
bas b ~ a n  or&nizod ne a Reaistnnce Welding Group of tho Subcommitta~ with 
b. 3. H, boper, Taylor-Vinfield C o q . ,  Varrcn, Ohio, P.S Chairmfinr flmf- 
s i o n  of .tentative epecif ication -169 to bocome a lentc,tfve Specification 
f o r  %sistfincs Spot  Welding of Armor is in procaaa. The possibflitiem of 
using flash waldlng, particularly for salvaging scrap pieces of heavy Errnor, 
WF.B suggested. One obatnclc in the stlidy of the application of resistance 
tqeldin; t o  f~brlcation of  ~ r m ~ d  vchicles is the h.ck of knowledge, on the 
part of the  welding mchina mnuff-cturar, of application requframents. m-fe 
inf orm?,tion my he obt~ined by quest ionmi  re d i s t  ri'but ad @rough the Chair- 
wn nf t h e  Subcomlttee. 

f. Armr gpecif i c ~ t d o n a  and Processing. Since p~esent  ar?wr 
specificnti;n8 f o r  welding qqulity alate prescribe a carbon limlt of 0.70% 
n ~ x . ,  it wns suggeeted thRt for a m 0 r  t,?hich 51s no t  tn be welded the aermie- 
crible cnrhcn limit could be cnnsider~blp higher ~.nd thus redwe  the a l loy  
content nccessar:y, It wss swgasted th~t, since for weldability charac- 
terlstica cmbon content  is l in i ted ,  1 S m i t ~  shbuld be ~laect! on d l o y  con- 
t e n t  ss v o l l .  It is r e m g n i x ~ d  that carbon cont~nt a l n n s  Ps not an lndes 
of v e l d ~ , b i l i Q .  Though not en t f  rcly P messure nf ~ t ~ l d ~ ~ l i l f  ty, h ~ d e n n b i l i t y  
is FL better c ~ t t ~ r i o n .  

Procn~a ing  prnctiees which pro8.uce f l m e c u t  edges nf h i ~ h  
hnrlneas nnd firmor plate wRrts cnntrclnfng numerous asaeks were enph~ticall~ 
condemned, There is ~.pynrently R need f o r  the wroducers m d  processors of 
,-or t o  discuss with the wmnr fabricators the mutu~l problem of welb-bil-  
ity ~snd  nrmor comnnsltion find hent trentnent. This c d n t ~ c t  is bcfw izrr~ngea 
thrnugh the medium of the S u h c o m i t t ~ a .  

g. S~JlPstic Tosting, Peternin~.tion nf aceept~nce s t m d R ~ O s  for 
b a l l i s t i c  psrf ormnce  of qwllf icatf on t o a t  plates of homrgoneous armor less 
thpn 1" in thickness 1s in pmgress Aherdcen Frfiving Grnund. The require- 
mmts set txp 3y Speeific~tion AX&7b3 r?p,aear t o  be setisfactory for face- 
b r d c n d  armor. 

h, B.R. C. Rese~rch Project$. The work a n  these projecte  is pro- 
gressing sl&ly due t o  diff iculty in o b t ~ f n i n g  the necossRry ~ m n r  plate. 
This sf tuetion is 3crproving, however. 

- 2. I t  ~ c s  decided tn hold the next meeting of the Gabcornittee in 
Phi lnde lph i~ . ,  Pn., on nr e.bout gund$v. December 6, 1942. 

BOF the President of the f i ~ . r d :  

B. H, Znrnig 
Colonel,  Ordnrnce nepte 
C&irmn, Subcommit t e e  f o r  

-597- n l o l ~ i n g  of A m r  (Inclosure 20) 



Laboratory 

Mr. J, H, Coopar 
Chairman, Ree is t r ~ l c e  Welding Grow 
Subcommit toe for Meldf ng of Armor 
Welding Engineer 
Taylor-Winf i u l d  hrp. 
Warren, Ohio 

b n r  Mr. Cooper: 

In accordance with the undorstrtndfn$ ronahed at the, meotfng of 
the &sist,mca W~lding Group in D e t r o i t  on Soptefiber 20, nnd tho meeting 
of the Subgroup at Renssslner .Polytechnic Ins titutn, Troy, Wsw York on 
September 28, them is inclosed n prelimiulry d r d t  of Specif icat ion =~-169. 
antitled, "Veldibg of Armor, bsirtance,  $att' md 3 ~ t a  Form RYdS-1, far cornant 

f t is desired that thfe  drdt be reviewed and comments submitted 
as soon Ra possible so thnt this, ~pocificntion be reported t o  tho &eci- 
f i ce t ion  G r o q  of the Subconmittee f o r  Welding of Amor, If comments a r e  
not racerived from you within two weeks of roceipt, it w i l l  be nssuulsd that 
the present draft is wtls fnctory  t o  y o u  

Uojjiea of thf s draft, together with n a i m f l s r  covering latter,  
have been f o m r d e d  t o  the following ncnbara of the Resistance TV61diq k o q :  

L, PI. Benkart, h o g r ~ s s i v e  Ifelder Corn 
R 9. M l l a t t a ,  Genf~ral Electric Cod 
Prof. W* B, Hees, Rensselser Polytechnic Institute 
C, F, Krsuni t~ ,  W a t i o m d  Xlectric Welding k c h i n a s  b r  

F. A, 480, Zntermtionrr3 K w o s t e r  Go, 
A. He L*wis, %if t Xlectric Vlelder Co. 
!T, T, Obar, Thonsun-Gibb Xlectric !folding C o b  

3. L. fftso, The Federal &chino & Veldor Cob 

Plaase f 113. out and roturn tho inclosed forln ~cknowledging receipt 
of this &?ft nnd form, Pour co-operation m d  conments on this proposed 
d r d t  w i l l  be v s v  much apprecintod. 

For the President of ths Board: 

Pours very truly, 

4 Incls.  
of Spec. ttg,S-169 

Data Form RPE-1 
Receipt Porn 
Re turn &volope 

E, II, Zornig 
Colonel, Orrlnwnca h p t *  
ChnZrrnRn, Subcomittse f o r  

Yslding of Armor 



October 16, 1942 

Mr. 3, H, Cooper 
Ohairman, Resi~ttance Welding Croup 
Suboarnittee for Welding of Awor 
WeldSng Engineer 
T~J lor-Winfield Gorp. 
IVar ren, Ohio 

Dear Mr. Cooper: 

At the September 20th mesting of +die Stibcormnf ttse for 
Velding of A m r ,  a suggestion was made that idormatidn regardiw 
application requirements for resistace waldbg o f  armored veh5cles 
is desired from the fabricators of those vhic le s ,  I t  was propoaad 
that a questionnaire be oirculated t o  obtain thia information, and 
that this ciroulation be done ly the Chairman of the Subgornmittes. 

I would l ike  t o  circulate such a queertionmire to the 
fabricator rambere of the Subcamittee, and am hereby roguesting 
the preparation of  a questionnaire ao ~ b o v e  outlined by your Resist- 
ance Welding Group. When you have completed the outline of informad 
t i o n  which you aonsider would be suitable f o r  the purpose, w i l l  you 
please forward ma a draft so that we may have i t  reproduced and c i ~  
culoksd f r o m  this off ice. 

Aby s%estions regarding the compilation of the inform- 
t i o n  after it has bean received would be appreoisted, 

For tho President of the Board: 

Yours very trzlly, 

H, H. Zornig 
Colonel, 'Ordnance Dept. 
Chairman, Subc~slmittoe' for: 

lveldiq of Armor 



Laboratory ( I J L ~ )  aecembar IB, 1942 

Subcommittee on Welding of Armor 

Subject: Meeting of Subcommittee on Welding of A m r  

To: Chiof of Ordnance, Urn S8 Army 
W~shington, D, C, 

dttn: SPOT3 

Is 4 meeting of the Subcornmittso on ?felding of Armor wass hold at the 
BellanurStrntiord Ho tcl, Philadelphia, Pa., on Sunday* December 6, 1942, 
with approximat erly 170 persons in at tendance, representing armor manu- 
faoturers, armor procossare, fabricators of armor vehicloe, welding electrode 
mantlfacturers, mnwfaoturers m d  userrs of resis  tanoe  welding machines, O r d -  
nance Mstrio$s, Off ice, Chief of  Ordnance, T&utomtive Centax, Canadian 
mmor f'abrica$ore, Rock Imland Arsenal, Aberdoen Froviw hound, and. kter- 
town Arsenal, 

2. Colonel f). B. buseman, on behalf of the P h f l d e l p ' b f ~  Ordne~nce 
District, welcomed the mmbors and gueste of tha Subcommittee, stressing 
the importance of the actfvi t ies  of k e r i c m  indu~try t o  the succoas of the 
War hodtlction Prograbl* He emphasized thnt greater impor t~nca  is now being 
placed on qualfw of the r e s u l t  rather t h  quantity, wad thaaknd the repro- 
sentativea present for the good work whf ch has been accomplf shed in the f i e l d  
o f  mlding armor. 

3. Colonel H. G. Hoare, Inspect ionBoardof theUni tedKingdbm~~nd 
knada, expreesed his ~ . p p r o c i ~ t i o n  for the privilege of ~ t t e n d i w  the moat- 
i n g  and emphasized that co-operntion between the Allied Nations makes such 
projeete ns the North Africm Campaign poasiblo. The welding problems in 
&laad a r e  very similar to those in Anerica, m d .  co-operntion of effort 
w i l l  help in avoiding duplication of work thue cxpedfting the N l i e d  War 
8ffort.  It is hoped t o  ht~vo Br i t i eh  and C ~ a d i a n  represontation on the 
Subcozomittao and thus secure a freor exchange of data on the muturd problems 
concerned with welding of nrmor. 

4. Tha discussion i e  sumripsized he fol lows: 

ab !!'he Alloy Situation. The a l l o y  aituntion was outlined by a 
reprssenta~ioe o f  the Wnr Raauction Board. In essence, it h s  not changed 
much since the lzet nesting, ~lthough the situation on mlybdenwn has 
tightenod. The fo l lowing indices wore given as indicating relative ~ c a ; r c i t y  
of alloys for tho months of lovonber and December. These f iguree are de- 
rived by means of PA tvbitrary nting; system which was not defined. 



Alloy November 

It was explained t ha t  these P i  es indicate that for each 
pound of ~anadiurn available there a r e  four $" 4) pounds of molybdenum, two 
hundred f i f t y  (250) pounds of manganese, otc. The W a r  Reduction Boozrd 
desires tb.t the chromium content of  cope wiro f o r  modified l $ / B  ~tainless  
electrodes be kept under 22.05%. 

b. Hom~eneous Armor Fabrication. $on request f o r  clwificn- 
t i o n  of t h i  question h e  to how mew t a s t  platos mt be submitted for pro- 
cedure qua3fficntion, i t  was explained that the & d a c e  Departnant cannot 
s e t  up a definite limit on this roqvfrenentr It is necesernq t o  submit a 
sufficient nunbox o f  plates t o  show that results t a  be expected from the pro- 
cedure being t e s t e d  w i l l  be consistently good. %ite often variations in the 
welding procedure used for n, series of platee  a r e  such as t o  prohibit drawiv 
definite  conclusions from the tes ts .  

$on request of the fabricators, the acceptance or rejection 
of welded H-plates by Aberdeen Proving Ground w i l l  be on the basis of X-ray 
examimtion. If desired by the fabricator, rejected plates w i l l  be fired 
f o r  information of all concerned. 

Certain revisions of Specif icnt ion BXS-497 were recommondad 
and are acceptable t o  the Tank-hutonot%ve Center: Pnragraph S2a(4) - two 
plates w i l l  be required on n retest instead of one and both of these plates 
must pass the required ballistic t e s t  in order to qualffy the welding pro- 
cedure; paragraph l'-2a(5) - the visual ,and radiographic chmaoteris tics of 
the welds in the t e s t  plates rnust be aoceptable t o  the Tank-Automotive Center 
paryaph  P-2b(2) - w i l l  be deleted together with the footnoto:  pnrngraph 
F-2b 3 )  - w i l l  be revised t o  provide f o r  welder qualification on 1/Zn plcte 
fok production welding of a m o r  in thicknesses of 3/kn and l e s ~ ,  and on 1' 
plate for armor above 3/bN in thickness, On Kt1 proccsdure q u l i f i c n t f o n  
t a s t  p h t e s  no repairs w i l l  be permitted after X-rey emmination- 

Table I1 of the specificntion, covering the requirements for 
shock tasting, d l 1  be enlarged t o  include other plate thicknesses. A note 
w i l l  bo added t o  the effact that cracks in the crossbar of an R-plate caused 
by inpact 3" or over from the crossbar wold w i l l  be considered as failure 
of the p l ~ t e .  

With reference t o  the use of lnrge diameter welding electrodes 
for armr f ~ b r i c r ~ t i o n  it was explained that the Td-~Lutomotive Center is 
not yet  eatfsffed, based on the results of b a l l i s t i c  tes ts  ~t hberdsen PFOV- 
fng hound, to give gansral wpprov,al t o  this method of welding. The lxtost  



tes t  of a sat%es of twenty-five (25) H lates welded with lwgs s i x 8  elsc- 
trodea ( d o v e  1/4" dia* ) showed ten (10 7 fai lupso or b$ rejection in the 
ahoak teat. The general criticism was made by the TlasJt-Automot3.ve Center 
+hat the lnany vsriatioas in welding proaedure used -Be definite oonalusians 
fnposaible. The desire in a l l  cases is t o  determine by a sufficient number 
o f  t e ~ t s  whether the rssulta f r om s eertain welding pxoeedure are aonaistent. 
Unless the series of t e s t s  is carefully plamed and the plans adhered to ,  no 
asfinite  decision can be made from the re8uJ.t~ of the teets ,  

c. Pace-Wdened Armor Fabrication, There has 'been considerable 
d i f f i c u l t n o r  i n  welding certain types of hoe-hardened plate duo 
t o  cracking in the plate adjaoent t o  the weldr IbJectionrp due t o  this  trouble 
h v e  indiaatod that some reeraaroh to determine the cause I s  necessary, Thoro 
appears t o  be no general agreement as t o  whether these dracke tare due t o  the 
mechanfcs of the welttin,g prbceduro used or tho matallurgical characteristics 
of the armor plate. A roaemch progrmn is to bo undsrtet3ren in the very n e a  
future t o  try t o  find tha anawer. Spocificatian AXS-743 requfre some 
modification a a  a result. 

A Jo in t  design suggcst~d by American C a r  & Fouhdw Company ap- 
pear@ promising. &par%ments with this design w i n g  larger electrodoa with 
three (3)  passes instoad of smaller alcctrodes with f i v e  (5) paeses indfcnto 
that the heat-affected zonc i a  decreased, 

d. &&rcrdt Amor Fabrication, For q u a l i f i c ~ t i o n  tosting of 
welding pr&odure for nfrcrd ' t  armor fnbrication, a strnight butt joint i s  
believed to 'ba  nore applicable than the waldo'd &plate. It is collsiderod 
that resfstnno@ spot welding is most applicable to n i r c r a f t  armor fabrfcls- 
t i o n  whicb ruzllifisra the need for the H ~ l a t e  used for fus ion  welding, 

e. hldina Elecfrodee. The s tadzad  composition f o r  core wires 
of modifiez 18/8 stainless steel elootrodea for welding armor hns been 
olightly changed r ines the 8~ptembor meeting of the Subcommittee. The st%and- 
ard composition8 t o  be recomnlended t o  the FJw Produation Board are: 

m,erne~t Mod, 8307 Mod. #308 

Carbon 
&wane se 
Si l i con  
Chromf wn 
Nf cksl 
Phosphorus 
sulphur 
lb lyb denum 

0.07 - 0.12% 
3.75 - 4.75s 
0.25 - o.&$ 
19.00 -21.00$ 
9.00 -10.50% 
0,055 k. 
0.03% k. 

Residua3 only 

0.07 - 0.12s 
1.60 - 2.2d 
0.25 - 0~60% 
20.00 c 2 2 . d  
9-03 -10.5d 
0.04$ k. 
0.03$ k. 
Residual on ly  

Standard leugths of walding electrodes for armor were #agreed 
upon as follows: 



Diameter, Lewth - All Position Length - Y h . t  Poaition 

l / s w  1 4+4 
51 32'" 14" 
3/ 15" 14l' 
1/4" 
5/16'' aM over 

A desire was erxprersed by vehicle f abric~tors f of an Ordnance 
standard electrode specification as R protect ioa against uanecesenrg oloc- 
trode qu~lification testing, This question is t o  be considered by the 
Electrode Group at its next meeting. 

With reference to ervailabili ty of electrodes for welding armor 
it was stated that the minimum delivery abtaim'ble from the electrode m3U- 
factursr would be four (4) months, This s i t t a t i o n  emphnsizes the need f o r  
preplanning electrode requirementi3 w e l l  in  advance of actual usage. 

f 6 %sistLmco WeldEnq, Xqeriments w i t h  flash welding hnve been 
directed toward removing the decarburfeed layer which occurs t h r o w  the 
center of the  weld. The idea. has been to r m o o  this layer by greater push- 
up but thisl not been accomplished becausa the amount of force required 
to pmd&e this  push-up in armor plate is beyond the capacity of e x i s t f ~  
equipment. 

Experiments with spot welding of armor have shown that the veld 
nugget must be of the proper nlinirnun size and be properly hent treated t o  
withstand the bal l is t ic  =hock t es t .  Both of these requirements are readily 
met with proper setting of the w e l d i x  %chi,% and control ,  A tentative 
specification, frl~&-~.Gg nResistnnce Spot Weldix  of Armor,%.m beon prcpzsed 
and turned over to the Specif i c ~ t i o n a  Group for appmvn2. This specification 
inco2porates n drop impact t e s t  as a method o f  production check testing. 

I 
g. Specifications. The spot weldiLag specification, WXS.169, as 

submitted has been approved by t h e  Spacifkcationrr G r o q .  Specif ic~t ion AX% 
497 w i l l  be revised ne previously suggested by the Homogeneous Armor Fabrica- 
tors1 Grow* Specification US743 probably w i l l  be revised t o  sane extent 
dependiw on future developments in processing and welding face-hardened armor 

h. Ballist ic Tsstiw (kberdeen Proving  round), The method of 
shock test& used on 7 / ~ h a n d  l v ~ o ~ h s r d e n e d  nmor  wears  inadequate 
~ n d  requires some study to develop an adequate test ,  Acceptance o r  rejection 
of t e s t  plntes w i l l  be br.sed on X-rw examination with the proviso that plates 
rejected on X-rw examination w i l l  be su5jected to tha ballistic t o s t  upon 
request of the company submitting those plates* 

3.. Welding Research. The Resemch Group outlined its w.in pur- 
pose P.8 f 0Tl0~8: 

(1). =binat& duplication of research e f fo r t  by keepfly an 

@ 
upto-date list of all resenrch projects in progress on armor. 



(2). ~ s r p e h s ~ ~ l a a r i n g h o u s e f o r , ~ i s s e n i n e . t i o n o f  research @ 
data t o  the Subcommittee, 

( 3 ) .  ~ctivitiea in connection with design problems will n o t  
be considered coqnt ib la  with tho purpose of tlla .Group. 

The research etudf oo fn t?eldir,g o f  -nor being conducted by 
N.R. C. a r o  planned t o  develop a suitaBle ferrf t ic  elactsoda subs%itute for 
the modified 18/8 electrode now baing used for welding maor  nrd a lso  t o  
develop p, practicable welding procedure for the substitute electrode. f 11 
order t o  start such d0~010pm~nt it 18 desirable t o  find ont tho we&nesses 
of tho procedures cttrrontly being used in ordor to try t o  -lain the dff -  
f erenees betwoen the goad ~ n d  bed performqnces of those procedures. Results 
thus few rrppea to fndiuate no ralntion between hardnesa end physical proper- 
t i a s  o f  the weld metal a d  ballistic perllormnce o f  the welded jo in t .  

'5. The coaeensus bf opivlion was th.t meetings whoad be held more 
often tkm at three-month in tomal s  and that meoti,'1~;s should n o t  be held 
on'badR3r. It was decided t o  hold tho next meeting in Olavelmd, Ohio, on 
or about kturilw, Bebr~mry 6 ,  .tqk3, 

For tlis President of tho Bartrd: 

H, H b  Zcrrrig 
Colonel, Ordm,nco Dap t . 
Chirmm, Subcornittee on 

Woldfug of Armor 

(Inclosure 23) 



As indicated in Subcornittee Circular W-1 (part I1 of th is  ~ppendix) 
infarmat ion and dnta coneidared t o  be of interasst t o  n e d  ers of the hb- 
committee wero distributed oithar as Technical Bullatins or Reports do- 
pending on the s i z e  and scope of the informbtion ~ n d  drta involvad. Sub- 
comi t t e e  Technicel BuJ.ldtins were d i s t ~ i b u t e d  wer indicated by Inclosure 
25. Botwoen March 1943 and hvo&er 1943 ~stren Technical Bulletins were 
distributed. 

k i n g  1941 tmd 1942 tit least seventeen (17) rsrsorts rolnting t o  
I 

studies of arc welds in armor were distributed t o  the Subcornittee on Welding 
of Armor, Prior to the merger of the two Subconnittses, late in 1942, at 
l o n e t  eight (g) rwports relating to etudies of reeistanceb wolds in armor 
were distributed to tho Subcownittee on Rasistatlce ?ielding. 

Wing the mic?dle of 1943 ~tatiaticnl studies o f  bpl l l i s t i c  reports 
f ron Abordeen Proving 0roun.d wero initiated at Water town krsond Laboratory. 
Saveral of theso wore distributed t o  the Subcomittso mabarship d u r 9 1 ~  
late 1943 nna oarly 194k The f i x s t  of thew reports is roforred t o  in " 

Inclosure 26. As indicated by th is  inclosure rercelpto were requtred for 
such reportar. I%en these receipts wgro not r ~ t u r n o d  within about thirty 
(30) wcr from date. of transmittal n c h e w  le t tor  (~nclosure  27) was 
sent* Portup~tely o n l y  a few such &e&-ups were necosenry. 

In onrly 1943 the practice of reproduciw the stenotype trwacript 
for distribution was stopped arrd the sun~ary of cPiscussions b e m o  tho 
minutes of t h e  Subcormittee, This prnctice w a s  inaugurated with the twelfth 
(12) naeting of 5 June 1943 and 18 referred t o  in Inclosure 28. 

Late f n 1944, duo t o  pqer  and ~wterid. shortwes, Watortawn Areerd 
ropor  t a  wore d?lstributod only t o  the aombors of the Rosenrch Group of the 
Subcomitteo and t o  n f ~ w  other ITt~lJlbe~s considered t o  be p~$tlcu1mlY in- 
terested in the subject ryttter (Inclosure 29). The Subearnittee held its 
last  meeting on 9 Novenber 1944. 



Laberatory (1fLW) ~abrunry 16, 1943 

FERROUS l43TUmQIW -Al?VZ SORY B O W  

Qibcami t t e ~  on \'!elding of dmor 

Subject: 14eeting of Subcommittee on !?eldi% of Armor 

dttn: Technical Division - Service Branch 

Ic A rneotiw of the  Subcnmnittoa on Ifelding a f  Arnor was held ~!,t 
the Hotel Clevel.md, Clovelfind, Ohio, on S~turdqv, Yob-~j  6, 19h3, with 
approximately 1b persons in at t o n h c e ,  raproeenti ng amor mmfacturers, 
a m o r  ~ ~ O C ~ S S O P B ,  fnbricntors of rzrn~r vehicles, w o l t i i g  electrode ?PX~U- 

fmtarers, manWacturors nnrZ users ~f resf 6ta lce  welding machines, Or?aanca 
Die t r i c t  s, Off ice, Chief fif Orhance, Tnnk-hutom tive Canter, &rladf.an 1211.d 

Britf sh gsoc!ucers a d  fabriestars, Bock 1slmti &SO-&, Abardeen Proving 
Ground, and Watertown Arreml. 

2b The diseurasiorz m q  be sumru~1.iaed as f a l l o w s :  

a. The Allay Situation. The a l loy  siturntion wns oat l ined  by n. 
r~~ressntn'iive of the wsr Production Board. It was explained that the c u r  
rent common idea that manganese is nqt c r i t i cc3  is v e r y  much in error. The 
present demnd f o r  low cnr'bon ferm-~mwttnese an4 fsrro-chrome exceeds t h e  
capacity for production, This mqir f o r c o  VJe use nf higher cabon ferrab 
aJlogs fnr certain steel  rn&ing. A t  tho gresent rate of denand fnr mlyb- 
denun the atcclfpile w i l l  be depleted by the e ~ d  of 1943. Of the steel  made 
f o r  welding electrodes 135 and 14$ ~f it went, i n  &munrp -6 February re- 
spectively, i n t o  Win,; stairlass ~ustenit3.c electrodes for welding amor. 
fn view of the very critical a l l a y  eituation, a 255 cut in stainless steel 
productinn  ha^ been propo9ed.  he following-indices were given f o r  February, 
1943: 

Manganese 0.60 S i l i c o n  4.00 b!nlybdenun 22.0 
Chromim 3.70 Nickol 3.70 Vanadium 4 ~ ~ 0  

b. %no~eneaus Armor Fabrication. There is considerable interest 
among the ~85iula fsbriontars in the fact that the Ordnance D p a r t m s n t  may 
soon b v e  a spaeificntian f a r  stainl~ss nustouitic electrn4es for welding 
armor which it is hoped will pernit  c lnss i f icn t ion  of hr~snrts of slectrodes. 
There appears, however, t o  bo l i t t l e  concern with the details of that specie 
f i ~ ~ t i o l ~ .  There is ~pparently a cnnsi4erable degroo of v a r f ~ ~ t i o n  in the 
procedures used f o r  welding H plates, It is intezdsd that the crossbar 
weld be made after the log wslda Imve been coqletsd and with the  welding 



@ procedure the same as used for the leg relda. In nome casea different 
procedures have been wed for the cross-bar than b v e  bean w e d  for the 
legs. This practice should not  be suceptecl, A limitation on interpass 
temperature has been suggested by Tank-Automotive Canter: namely, that the 
interpass temperature shall not exceea, by mars than lCK)OF, ,  the preheat 
ten@exature t o  be uaed in p ~ o d ~ c t i o n .  In gsnerral, i t  is eonsidered that 
the welding of II plates should be representative of the worst production 
oondi tions Lo ba encountered. 

A progrm of H p h t o  tests ,  as suggested at the lasf; meeting, 
of procedures involving large diamoter electrodes is in progrees. 811 of 
tho H plates planned Rave not rat bean eonplated and i t  i s  expeoted t o  for- 
waxd the entire serios t o  Aberdeen Proving Ground as a gxoup. 

The procedure f o r  ferritic weldixg of armor up t o  and including 
1/2n thlcknoss by tho Unionmolt plpcssa hns been developed by one laboratory. 

A surtrey by Aberdeen Proving G r o u n d  of b a l l i ~ t i c  shack tes ts  of 
H plate8 welded wtth and without annealing beads in the surface l q e r  in- 
dicates the following percantages as psssing the ~,kock test :  

(I ) Ovori&pping Beads 
U 

n .oP 
(2) " with nnn~aling bead 91~4 

36-1 
" with mns~ling beRd 81 .2 

(1) b v e r ~ a ~ ~ i n ~  B a d e  &LO$ 
12) 1 "rs9 th anneeding b aad 604 

$ 1  weave 
a with annealing bead 

These preliminary figaxes indicate an adv~ntage In tho use of 
annealiw beads in the surface lager of the welds* It was suggested thc.t 
t h i s  8-w ba coati nued t o  dif fsrentiate between armor compositiane. 

There wae s o w  complnint akout +kiff5cliLties with dmor cast- 
ings but none were serious. I t  was believed deslr~ble t o  invite  the Cast 
Armor Linison Group to attend t he  next mooting of the Homogensous Armor 
Pabrimtore' G r o u p .  It WRS emphasized that armor plate shaUd be cleptrsed for 
welding, Bath ahat blast ing a d  grinding two used by the ftibricators for  
thfs purpose and it was emphRaizod t h t  a thick preservative on edges t o  
bo welded is very undosirable. 

kmo o b j ~ c t i o n  w a s  raised t o  the present wording of Specf- 
f i cat ion  AXS.497 with reference t o  q d i f l c s t i o n  of welder5 since a strict 
interpretation is taken t o  moan t h m t  the Ordnance Inspactor does not have 
authority t o  decide whether a weldor qunlifiss or not. An expression from 



sevsraS fabrioator6 indboated that when mutW ca-opar~~tion between t he  
fabricRtorts fnslpector and thn Ordnance inspactax is obtained no d i f f i c u l t y  
is eacouqterad with the present wording, 

cl Weld1 eo$rodee. A tentative electrode specification has 
bean for e2t:atic electrodek for welding armor and has been sub- 
m i t t &  f o r  Ordnance Daprxtment ,appraval. This ~pec i f i cnt ion  prertcribes two 
s t a d m d  core wire compositions, two electrode grades (ono mngmese modified 
.and one molyb8enwn modified), ctnd four types af aach grade depending on 
whether t i  tanfs coated or lime coated for either A. C. or D. C. The qualifi- 
cat ion test r~quiEroments &ra similar t o  those required by U. S. Navy $peci- 
f ications suah that one qWif icat ion t e s t  should auff  ice for both Somices. 

Wath reference t o  the standard core nfro compositions #307 
and #3# ae agoed upon at the l aa t  m~eting, tho chromium ra e was narrowed 
to  from 19.55 to  21.55 m d  the uppor carbon limit set,  at Q*I",n~tead "$ of 
0~129k. ~ h o  ~avy Qeiroa a m i n i m  chrome-nickel ratio l i m i t  of 2 t o  1 for 
the #307 core wire, but for the present this soq-uirement w i l l  be omittad 
from tho specification in order t o  find out whather the cope wiro profiwors 
can meet the requirement. Past eqeriance hzs fndicnted thnt, whan this 
r a t i o  I s  leas tbn 2 t o  1 in the 4307 core wire, molybdenum must be addad 
in the c~ating t o  produce n shtisfactory elnctrode. f t  is desired t o  pre- 
vent such use of molyb&eaun if possible. The w i r e  producers w i l l  stteqt  
t o  melt for a chromfum content of 20~5% and a nickel content. of 10.0% Elz 
the core wire. 

d* Aircraft Armor F~bricntion. Tho problem of welbing a ircr~ f t  
armor is c~rcplfcxted by the fizct that there nro st present some six or seven 
c o q p o s i t i o n ~  of plnto being stxpplid, a l l  of which are of B higher czrbon 
variety than tho bnageaeous etrmor bei% welded f o r  vehicles. It AP~BLWS 
that sono praheating ha r o q i r o d  f o r  succaaaful welding of this materi,d. 
There is d s o  the problem of identifying rad segregating l o t s  of plate re- 
ceived at the aircraft plant  in order to wintnfn  the identity of coxposi- 
t ions  for the i~a$~rmation of tlie welding org~aizat ion. 

e. o c i f i c ~ t i o n s ,  The proposed tentative welding electrode 
specif ic&n g o  been approved, os submittad by the Xlectrode Group. by 
the Specif icatione Group. It f s cansf dered that the spacif icntion a!lould 
include provistonrs for both  %ha manganese mdif f ed ~ n c l  the nolybdenum 
modified grade of electrode in order t o  be complete. 

f. Welding Research, The studiee being carried on by the Wn%ional 
Research Guncll indicate that preheating w i l l  be necessary when for r l t ic  
type electrodes a r e  used. A report has boeil prepared on the resf stance spot 
welding of 9115 steel plate for N.RC. diatributinn. This plate materid 
is the same composition as Great Lakes' ,armor except for tha lowar carbon 
content. Studies nro  being made of a aanga~ose-no1ybdern.w electrode compo- 
s i t i o n  for arc welding pad tho results from preliminmy t e s t s  are quite 
encawaging. 



. Miscellhnoous, Some difficulties a r e  a till being encountered 
with s i z i n g  of armor plate parts which muaes varying mot-mps in the 
jo in t .  This condition can be taken c ~ s o  of, t o  BOD@ extant, ky  building 
trp the edges with weldin&. 

h. Next Mooting. It was deofded t-kt the next meeting is t o  be 
held in ~hTcago, I l l i n o i s ,  &urlng the first week in June, 1943. I t  was 
suggested tht any or a l l  of the variourr Groups could meat at ~ n ~ r  t f l n s  at 
tho call of the i r  respectiva b f m e n .  

POI. the President of the Bocrd: 

H. B. krn ig  
Colonel, Ordnn.nce Ddpt. 
Chairman, Subcomni t t ea  on 

IVelding o f  kmor 



Laboretory (WLV) Subcommittes on Weldfnrr of Armor 

I Subjeat: Reports -. Subcommittee TechnicaT h l l e t i n e  

To: 

1, There are Znclo~ed for his information and f i l e ,  the follow- 
ing Rsgtricted Subcommittee reports: 

Copy Ha., 
a, Technical .Bullet in W-4, e n t i t l s d  
- I  

n3uft \Veld8 in 1" Rolled Hamogeneoua 
Armor y$ th Mn-Cr-Mo Ferxit  i c  qectrodesflL 

be- Technical Bulletin W-5, en t i t l ed  "Welding 
IC 

of B Plates for  -if i c a t  ion" 

c. Technical Bulletin W-6, ent i t le@ "H - 
Plates in 1"lIed Homgeneous Armor 
Welded with Fsrritic ~ e c t x o d e o w  

2, There is also inplosed revision sheet t o  cover carrectSons and 
additions o f  Subcommittee Circuler W, 

For the Prenident of the Board: 

H, H, Zarqig 
Coloiel ,  Ordnance Pep t. 
Chairman, Subeonmi t t e e  on 

Welding of Armor 
4 Inels. 

.Techc B u l .  l+b 
Tech. MI;! 
Tech. B u l r  
Rev. of Cir. F 2  

(Inclosure 25) 



Laboratory (WLW) Subcommittee on welding of Armor 

Cole G. E. Enable, Ord, Res. 
Chair-, Research k o q  
Office* Chief of Ordnance 
SPOTB, Specid Steels & Welding Section 
Pentagon Building 
Washington 25, D. CI 

Sear Colonel Kwble: 

There is forwarded for your fnfornwt90~ a copy of Watertown 
Arsenal  Report No. 640/&4, entitled "Welding of Arrmr, Sulnmary of Ba3- 
l i e t i c  Shock Test Results on 1-112 Inch Homageneouo Armor Platee 
welded with Austenftic ElectroBes and Tested at Aberdeen Proving Ground 
during the Period f rom 1 October 1942 through jl Bfarch lgtb3," 

From a conversation vhich I with Captain Thoben after 
the v i s i t  to y o u r  of f i ce  on 22 September, I gather that some of the 
information contained in th is  report may be of value t o  you in making 
a decision with ~ e q e c t  t o  the use of rol led  or cast armor for a m r e d  
vehicles. Copies of this report have been fomarded a f f ic id ly  t o  tho 
Technical Rqort  S o c t i o a  of SPOTB, arid a3so to the Brmr and Develop- 
ment Branch, Proving Center, Aberdesn Proving Ground. %is report deaJ.8 
with the 1-1/2" thf cknrjes only and the next report, which is in process 
of preparation, w i l l  deal with tho 1" thickbeas only, It ie expected 
that a third report may deal with the 1 /2"  thicknees. The data include8 
are the results of b a l l i s t i c  tests o f  welded "H?' plates obtained between 
1 October 1942 and 31 March 1943. 

Tho prepention of reports of this  sort I s ,  of course, rather 
lengtby  and timecconsuming. Hwevar, if sufficient time ie available 
it is hoped that by this system we my eventually covor d l  of the firing: 
teste  on welded "Hn plates which have been conducted at Aberdeen Proving 
Ground. These reports are intended t o  bo distributed t o  the membership 
of the Subcommittee on Welding of Armor. 

For the President o f  the Board: 

Very truly yours, 

3 Inclad 
wort No. 640184 , 

Receipt Form 
Re turn Envelope 

H. If. Zornig 
Colonel, O r h o e  Dept. 
Ohaf rman, Subcornit t ee on 

?felding of Armor 

BY 
(Inclosure 26) Secre t a q  

L l l -  



Laborntory (law) 3ubcommittee on Weldiing of Armor 

On or abauG 23 November 1943 , the fo l lowing  Iffitartown 
k r s e ~  Laboratory Rvports, of Restricte'd classif icht ion were mailed 
t o  you together with a raaoipt form and return ~ddressed onvolape for 
your ~onvanience in acknowl edging receipt of tho. reports : 

Report of Meeting of Subccmunitlec on Wolding of Annor held nt 
tho 80 tol Ponn~ylvanin, New York, 1:. Y. on 7 October lyk j ,  and 

SttbcamSLLaa on ??elding of Armor, TaeZmfcal k l l e t i n  %7, 
onti t lod "Pleta SCdgo Stresses in Yeldsd Copnor Joints.' 

To h t e  thSe receipt f o m  h a  not bson rocefvad, nnd we w o l f i d  
l i k e  to k m v  whether you have  received tho rspor t~ so that, if you have 
not, we mAy a t m t  a chock-up to locate thorn if possible. 

For the basfdent  of the Bonra: 

Very truly yours, 

8, 9. ZORNXG 
Colonol,  Ordm~co h p t .  
C b i r m n n ,  Subcommit t oe an 

Welding of Armor 

Inclosure 27) 



20 June 1944 
Z'EXlOUS M3!!PU&URL)ICAZ BWISOBY BOARD 

Subcommittee on weld in^ of Armor 

Subject: Tra,nscript of h e t f n g  of  Subcommittee held 11 1944, 
Cleveland, Ohio 

To: Chief of Ordnnnce, AS7 
Pentagon Building 
Wmhfngton 25, D. C. 

Attn: SPOTB - Colonel S, B. Ritchie 

1. Fomarded herewith is the first copy of the transcript of the 
discussion at the meeting of the Subcommittee held in Clev~land, Ohgo 
on 11 May 1944. This copy i a  forwardad f o r  file By h i s  off ice,  and EL 

crcrbob copy h s  been retained for file fit this maranal, tagether tifth 
stenotype notos. 

2, r summaq of the dfscuseians covered th is  transcript 3s 
boing preparod for distribution t o  the membership of the Suboomittee 
in accordance, with the procedure established by all of the subootamittees 
t o  avoid excess typirg and bulkiness of the minatos of theso meatirgsr 
This summary w i l l  bc forwaurded in due course. 

For tho President of the Boardt 

H. H, ZOfWIG 
Colonel; OrUnce D q t .  
Chnirm-n, Subcomni t tee  on 

Welding a$ Armor 
1 Incl. 
Transcript of meeting 

(Inclosure 2g) 



13 September 1944 
FERROT;TS KETALLWR@IC& ADVISORY BUARD 

Lnboratory (‘FE?l) Snbcowitteo an Welding a f  k ~ ~ r  

Inclosed is a copy of f i a t ~ r t o w r -  ATSOLW, Iaboratory 
3kperimentt-d Report No, U 64816, e n t i t l e d  "hralur?tion of 
Shock Propert ias of Waldad Armar Joints at Subno~ml Temper*- 
tuxes - &aminzition of Samples from 31 Comercidly IQnldsd 
'HI Platas Bal l i s t i cd ly  Shock Tesfud as Part of the 1942-1943 
Canadian Cold Te~t Program,'' 

It is theught that because of your  work with tho 
p;roblem of welding armor you might be intoroeited in th i s  report. 
Sime there fire no a M . i t i o a s l  copies of thia  roport available, 
it would be ~pprecitatod if you waUd W e  thie copy avaflablo 
t o  other qualified ~nernibers of your organization who uqv bo in- 
tereetod In it. 

Please ach6wladgo roceipt of this  report by f i l l i n g  
out  and returning tho attachad f o rm  in the i rc losed  addressed 
onvel apo, 

For tho Froxident of tho Board: 

II. H. ZORNIG 
Colonel, Ordmnce hpt. 
Ch?,irnan, Subcammi t t e o  on 

Welding of kmor 

Sscre taw 
3 Incla. 

w a r t  W U  6&/6 
Receipt Porn 
Return Envolopo 
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a. the producttlon'of armor and armor ~txuctures - 
b. the fabrication of welded steel  structures for inilustrial use - 
c. the manufacture of welding materia3.e a d  equi3rnsnt 
I 

* In this circular the term I1armar weldmentI1 is used in its 
broadeat sense t o  -indicate a metal structure o f  annor or 'armor 
and struct&al steel built 'by welding the, vnrf ous p w t o  t o -  
gether, 

b o x  weldments* are procured under drawings and opec?ii9catip:s 
wh5.ch preacribe t he i r  p h y a i c d  dimensions, the ballistic properties of 
the materia in thorn, and tho degree t o  which the material an8 the welds 
must be free from the defects that a r e  usu1ly enaamtered, 5n the proces- 
sing of the material and in welding. The manufacturirg processes w e  
limited only t o  those general procedures which have been proved accept- 
able by preecribed qualification tes ts .  ~his'leaves the fabricator of 
armor  weldmeota the maximwn possible freedom in the choice o f  maufacttur- 
ing processes. It aleso placea upon b h  the burden 09 dmeloping manu- 
facturing processes which dl1 prodwe sattisf actory armor weldments . 

Prior t o  the beginning of the present war, armor weldmeats far 
materiel bad not been maaulPsctured. In timee of p&ce eqerimentd 

amor structures, constructed by riveting or 'bolCfng, had been made by 
Goveramrnt Arsenals and Bav Yarde and by a few commercial compasfee 
which have, t o  a limfted extent, been engaged in this highly a p e c i d f ~ e 8  
activity an8 have a c c ~ a t e d  certain neceeraary eqd~rnent  and rnmufactur- 
1% experience. In peace time the reaearch and development work on 
armor 8tractures and the application of welding thereto has been can- 
ducted almost entirely iln the Laboratories and shops of the Gmerm&n% 
Arsenals and Navy Yards who engage In such act iv i t i es  sided by the proving 
grounds of the Axqy and Navy. 

In the surrrmer of 1940 when it Becme evident that this country 
was going t o  have t o  produce more armor etructures than it mer bad be- 
fore, and that the industrial fa'brication and welding faci l f t iee  o f  KA6 
country would have t o  be utilized t o  a considerable extent for  tkia work, 
the Chief of Ordnanos mked hie Ferrous M e t d l u r g i d  Ildvfsory Board t o  
organize a Subcomittae on Welafng of Urnor t o  adviee him with respect 
t o  the development af methods of welding armor and the arpecif ications 
under which asnor welaments are procured. Phie 6ubcommit tea orf ginally 
was composed of technical rapresentativee of 18 industrial coqanies en- 
gaged in 



togrther with repreroentrtiva~ of the &my Orbetno@ Depertment an8 the Navy 
%sew of 6 1 h . i ~ ~ .  * - 

%!he demand for armor weldmsnts Inoreaeed to ouch an exten$ that 0 
it beoar necessary t o  have them produced by a lmge number o f  comercia3 
ooqanfse  whose equipment was mre or l e r a  mitable f o r  Lhis work or coul8  
be adqpted f o x  it even though their organisations were not experienaed in 
the apeaid  manufacturing processes involved. To facilitate the acquisi- 
tion by such companies of a knowledge of the apecia3 metdlurgical feature8 
inwlvod in the conetruotion of armor wcldmonts and to promote tho etovol- 
ogment of materids eaYzd method8 of welding armor by those companies, they 
were invited to designate representatives t o  become members of the Subco~+ 
mfttse oxl Welding of hmor. 

Is the fdl o f  1941 the fortunso of war began t o  eeriously limit 
the a d l i b i l i t y  o f  some of the alloying eloaaentrj that are ordinarily cozk 
tained in the steela which are uaed in weldiag eleotrodea an& srmor. We 
War Froduction Board which i a  responsible for obtaining these etrategld 
matsrida in q u a t i t i e s  sufficient t o  meet the minimum requirements of our  
necaseeLlly industries, ffadlxlg ways o f  reducfag their coamqtion,  and d- 
looating tho availtable sugplios t o  those useo which will contribute maet 
t o  our w a r  effort, was inv3ted t o  be reprasented on tklf s Subcord. t tse  a a  
a meaner of koaping informed of the b c h n i c a l  eto$ibitiies of' the hbaonunf t tse  
and the Subcornittee's efforte t o  e f fec t  ooneervation i n  the mawfacture of 
armor webdmeats, Pl~e membership of the Su'bcomnSttoe now includos rqr* 
sentstivee of the War Production Beard. 

Zhs laboratory facilities o f  the Government md the plmts that 
axe welding armor are, st present, engaged t o  their capacity in work on 
their own immediate probleme connected with grooeea development and the 
conservation of strategic materids. Their staffs consequently do not have 
much time t o  epwe t o  &vote t o  reee~lrch work on the more general problem8 
which have ae their obJective the perfection of a t e r i a l s  and technique far 
welding, armor, increasing production, and s t i l l  firthor reducing the use I 

of ~ t m t q f c  materials. Much of this reeoarch work caa  and should be done 
in the laboratories o f  oducatioaa3. inatftutiona and in privately ownad or 
endowed labaxatorios. Such work can bo f inanaed and dlroctod by tho Offieo 
of Scientif ic  Research and Development through the National Defenae Reeearch 
Cornmi t t e e  and the k t i o n d  Reeearch Councill s W a r  Metallurgy Oornmi t t es ,  
To facilitate the in i t ia t ion  and coordination o f  auch research w o ~ k  aad the 
~ipeedy dissemination o f  the resulta obtaiaod to  those who can make the moot 
use o f  i t ,  a representative of the W a r  Metallurgy Committee holds megber- 
ship in the Subcommittee on 'Welding of Armor, In addition, membera of the 
8ubcommittee serve on the Advisory Committees that are appointed by the 
Cbelrrnan o f  the W a x  Metallurgy Committee t o  guide the work that f e  being 
done on varioum welding rosearch probleme that have been undertaken, 

Thus the Subcommittee on Welding of h o r  has grown t o  be a 
organization which provides fadlities through which all those concerned 
with the technioa3, phases of the development and application of the weldr 
ing  process to thb welding of armor oan discusel their problems an8 exchange 

* 

their views, 



%a purpose o f  the Subcommittee on Welding of Amor i s  t o  plan 
and coordinate, through complete iaterahmzge of t e o b i a s l  informtion, the 
work being done by the fabricatorel, the mwnufaoturers of equipmat e~nd 
~ugplisa, and the bvernment pgonciag conasmod, on the devslopmsnt of the 
procoasos, techniques, oqufpaont and m e ~ t o x i d s  used i n  h fabrication of 
mxnorod military matorfol by welding w i t h  a d e w  t o  produoiw the best 
possible quality, in the required quantitf~s, w i t h  the materids, equip 
ment and operating personnel that are or caa be W e  available, 

Development G~oups 

Welded ampor structures are now made by two welding proceesoa 
whiuh in the oMer a f  their application arao 

Mew Arc Welding 
Reaistebace Welding. 

In the devsXopment of the procedures for welding of armor, pro&. 
lems axe encountered that are permlias t o  the pxooess enrployed, tho t n o  
of  armor that ie b e i q  welded, and the design of the atsucture. It has 
therefore, been found. desirable t o  provide a means for th@ coneidarstlon 
of such mecia1 problema by those who are direutfy interested in them. This 
has been accomplished by the organization within t h ~  main 8ub~omittee of 
fivo Doveloprncnt Groups, i. e. , tha 

Homogeneous Armor Tabricators'  G r o q  

Face-Hardened Armor Xabricators @ Group 

Aircraft Armor Ysbricstoret Q m ~ g  

Electrode (&a Welding) Q ~ w  

Resistance Welung Gro* 

The Furpool of each Development koup i a  the same ahs the purpoee 
of the main &b~ommittee a8 stated above. The only difference i a  that 
each operates in a narrower f i e l d .  

Membere of the Subcommittee m a y  choose the Development &oup to 
which they wish t o  belong. They m y  also attend the meetings of the other 
Dovelopmont Groupe if they desire t o  do so. soy are, howovor, obligated 
t o  take an active p w t  in tho activities o f  only tho bvelopment G r o u p  t o  
which they belong. 



In ' the  proseaution of the development work on the weldiag of armor 
whihh the industrial companies mqy have under w a y ,  need arises f o r  resewch 
work of a general nature which they cannot undertake to cmry out in their  
owri laborstarien. There are institutional and other L6boratories available 
fn the aountry whore euch rsssarah work can be undertaken and successfully 
carried out if properly gulded and there a r e  Government ~ e n c i e s  that a r e  
  re pared t o  f inazlce and eupemise suah work. The members of this Subeom- 
rnfttee should be more coxpetsnt than any other graq in this country t o  
h o w  wh&t reseasoh work In thie f f e ld  should be undertaken, t o  assist in 
guiding St along the lines that are l ike ly  t o  be prac t iod ly  ueaful and t o  
judge the value of the results obtained. In order to put th ie  phase of the 
Subcomrnitteels work on an orderly basis them &B been organized within the 
Subcommittee a Research Qrotrp. 

SpeoiPically the functions of the Research Group are: 

4. 'Po atudy  the needa Oar research work that should be done t o  
further the development of the welding af  armor and t o  bring 
thorn t o  the sttention of the proper agencies through tho 
Chaf~man of tho Subcommittee; 

b. To a ~ a i s t  the agencies wderCalring such researela W O T ~  in a i d -  - 
i n g  it aloag- line8 that are likely t o  be practically ueeful; 

e. To evaluate, for the benefit of the Subcommittee, the prac- - 
tical v ~ l u e  of - the r e e u l t e  obtaiaod, 

The membere of the Research Group a r e  appointed from the member- 
ship of the Subcommittee 3y the Cbirazan  of the latter. 

The preparation of the specifications w h i c h  govern the welding 
o f  armor is a r e a p ~ a a ' l b i l i t ~  of the OTbaraoe Depslrtment. The Ordnance De- 
partment tries t o  keep theee epeuifications abreast o f  ale latest develop- 

1 

nents. When changes in these specff ications are propoaad, they axe, before 
final adoption, generally submitted to  the indus tq  far combnt , through 
its tecbaiaal representatives on t h i s  8ubcommitteo. The comments received 
f rom the individual members are usually more o r  l e s e  contradictory and the 
v a r i o u ~  vfewg must be reconciled with those of tho Oribiaice Department. It 
is impraotical t o  do this in the meetings of $he whole Subcommittee be- 
cause of i t a  s h e .  l a  provide fo r  doing this in an orderly way there hae 
been organized within the Subcomrnfttas a Sl>eaifiaatfons CZroup. . , * 

8.peai.f icelly the functionra 'of the' 8pecif tqations houp a r e  t o  
aaeiet  the Or-nce Deputmect in preparing apeoifiwtions for the welding 
of armor and in keeping them in l i n e  with military requireaente, the best 
wufacturing practices ad. the availa'bilfty of equipgent and raw materials. 

I 



Clrcular NO. W c l  

The members of the Specification$ C4.rW-p are qppoin$~6 from the 
membership of the Su'oeomitte.e by the Chai rmabn aP tha latter. The me3nbcsrs 
a r e  so chosen that all o$ the kelcpment Oro~llpa and the interas$@& D i d -  
sions of the Ordnance Department a r e  rppreseahd. 

Armor Liaison GTalrp 

The technical rqreeentatfves of the Industrial companies and 
the @ o v e r ~ n t  &.gencPss that are concerned with the manufacture of armor 
are members of the ~ubcomi t tee  on Rolled Armor and the Subcommittee on 
Cast Armor, whf le the teohpi c d  representat ivee of those concerned with 
the  fabrication of, armor j n t o  corntat; vehicles and airc~af't are members of 
this 8ubcommittee. Earn Sirno to time the fabricators of armor and the 
~wufacturers of armGr eg~ounter problems in which both are involmd and 
experience has ehowa tb,$ there is 8 need for a chamel through which such 
problem8 can be connide.pc& by bath intereata meeting together. To pro- 
vide such a channel there has been organized within thls  Subcamif tee  a31 
Armor Liaison GToup. 

The spw$fic functfose of the Armor Liaison k o u p  are t o  main- 
tala liaison with the ~ c o m m $ t t a e  on Rolled Amor and the Subcommittee 
on Caeb Arrnor for the conaf deration of problems In 1.rhich both are  inter- 
ested. This liaison is t o  be aacomplished either t,lrough attendance at 
the meetings of the Subcom.itteea of the other interests  involved or through 
joint meetings of the Liaioon Groups of the SubcomitCees involved. 

Phe members of the Armor Liaison Group w e  appafnfed from the 
nenbershfp of the Subcommittee by the Chair- of the latter. 2the msrrib%rs 
are chosen ao that sacLz Paveloplaent Group ie represented. 

The laboretam at Watertown Breenal is an agency of the Ordnanoe 
Department. Its p r f n c i p l  functions are t o :  

a. &vise the Chief of Orbmce in matters pertaining t o  fersow - 
' mertal3ugy; 

b. ~6aBuc'c research and development work in the ferrous metal- - 
lurm of Ordnance & t e r i e l  and Ammltfon; 

c. Perform such other duties in the Pfold of ferrous metallurgy 
C 

as be directed. 

UMer c. it 3.8 cimrged, among other  a thing^, with p e r f o m ~ o e  09 
the administrati& work of the Su%comittse on Weld$% of &mar. T$e 
Diractor of the Laboratory aats  (with the consent of the rnembershig) as 
Chairman o f  the Subcornmi t t o e  and the Chief of 4 t h  Laboratoryt s Welding 
Section a c t e  (with the conaent of the ~ernberahi~)  as its secretary. This 
arrangement provides a convenient means for coordinating the activities OP 
the Subcommittee with those of the O r h o e  Department. 



In addition, the Welding Seotion 01 the Watertown Arsenal Labor&- 
Lw cnl5ants all the i n f o ~ m t i o n  that it can on current development work % 

balng dons in the plants r m ~ e s e n t ~ d  by the melabwe of the Gu~aommittee, 
babulaters it and distr?lbubes it t o  the Sub~ommftte~ maaobership, 

The rnernbsrsbfp of the Suboommittes includee: 

a. 2etohaical reprseentatfttes of U. 8. industr id  aoqpsnles that 
C 

a e  engaged In the welding of armor for the Orbnce  Pqart- 
ment or manufacture materials or equipment therefor; 

b, Indivfduale who we expert in f i e lds  of science or teqhpology - 
that are  involved in the welding of amor; 

a. Pechnical representatives o f  the ArmZ. sad TJav; ..- 

d. Teokical  regrossntatives of other Government agencies that - 
a re  concerned with the welding of armor; 

e. Teobnical repreaentstives of al l ied  Governments; - 
f. Technical representatives of industrid companiefi in allied 
3 

countries that axe engaged in the tueldfng of armor. 

Teshnicsl rspressntatives of U. S, industrial colapanies that are 
e n ~ e d  in aotivitiea comecteB with the welding of armor are nominated 
for membertship by the companies they are t o  represent. As matterrs -that 
are classified as vconf2dentid't or "rastrictedn are often diermesetd a t  
Subcommittee meetings a d  a e  communicated. to the members In writing, it 
19 necessazy that persons nominated as induetrial repragatatives be cleared 
by the Office, Chief of Orbance, before they can be a b i t t e d  t o  membership. 
on the Bubcommfttee. 

The representation of industrial aompanfee is normally limited 
t o  not more thaa twe from eaoh concern, Thlc l imitation i a  desirable t o  
prevent the 8ubcommittee from becomfng t o o  large t o  be effective. 

As this Gu%committee deal8 entirely with the .teWiCal aspect8 
of welding of amor it fa  necessary that the induotrial reprbsantatives be 
men who are familiar with the technical phages of the work being d o a ~  by 
their c o q m i e s  and are authorized t o  speak far eheir companies regarding 
their techniael praatices wd policies .  

Individual Scientists and lechnolo~fat~ 

Individuale trho are expert in those f ie ld8 of ecienue or tech- 
nolow that are involved in the welding of armor m a y  be appointed t o  member- * 
ship on the Subcommittee by the Chief af Ordnmde. 





Techniodi reBreaentatfves of tb8 Br*rrgt a 4  Napy and of other 
Govgxnm~nt agencies that are conosraed with the wreidfng a t  a m r  w e  de- 
signated by the Chi-of the Offices a r  agencleas that they roprsoat. 
They qre in Borne csaess deefgmter8 f o r  continuing mamberabi$ a& i a  some 
cases ws representatives for one meeting only. 

Wreseptatives of Allied Governments and Industrial Commies Of &lied 
C o ~ t r i e a  

Technical. representatives of a l l i e d  Governma t e and o f  induatrf al 
coxpanlea in allied countries a r e  deoierted by their Governments upon 
invitatiop t o  menbersbq extended by the Chisf of Ordnance thsaugh channels. 

A l i n t  o f  the nlembers of this $ubcommitteq indicating the inter- 
e s t s  they represent and the group~ t o  which they m e  assignad, Par iaaued a$ 
Circular No. W-2. 

It is o70vioue that most of the d-etailed work of the Gubaomittee 
must be done in meetings of the Groups. The frequency with which the Cbroupe 
meet i~ dependent upon %he number and the importance of the matters pend- 
ing at my time. In o r d ~ r  t o  coordfnate the work of a l l  the kows and t o  
consider matters of general interest, meetings of the whole Bubcomittes 
are  held at leas tre~ueat i n t e m d a .  

Group Meetings 

Groqs meet at the call of the Grow Chair- who d a o  a r r w e s  
for a meeting place. 

Stenographic records of the proceedings at Group meetiags are.  
ordinafllynot made. Instead "Minutesll are kqt t o  indicate the matterr 
considered and the e o n ~ n e i o n s  reached or actions taken. A copy of these 
Minutes i s  traaamittea promptly by the Group Chair- t o  the Chair- of 
the Subcornmi t tee . 
Subcommittee M e e t i a  

The whale Subconsmi t t a e  meete a t  the cal l  of its Chairman. The 
Secretary of the Subcommittee arranges for  a suitable room in which t o  hold 
the meeting. 

Stenographic record of the prooeedicga at meetings o f  t he  Sub- 
committee are ordinarily made and dietributed to tho members. 



As of the mtte~rs discussed at meetings of the G r o w s  a d  
the Suboamittae are clsrsrifled as ''confidentiaZ%r "restricteds' d @  
nseeaBaV t o  ~ e r t s i c t  the attendevlcs st thaw meetings t o  M I 4  d f  the 
SubcammbStps as racorcled on the officirJ. membership l i s t  and w e t s  inv4ted 
br the %idq$ of O r w , c e .  gl others w O l l  'be pxqfuded f ~ o m  the mdit$@. 
Fhe Chairman of the 8ubcamittee and the maimen o f  the Broups we Pe- 
sponel'bli that attendance at the meetin~s they preside wer ir?r limitea 
accorai*. 

%a primaq n e a e  for the exchange of information bebweeh the 
membere of the Suboommittee will ,always be the diseussPone at the C)rbup 
and Subcom~t tee meetings. 

In -ition, there are distributed from time t o  t9me t o  the mem- 
bsse o% the 8ubcommittes: 

Circular B 

Oontafning fnforraatton of a genord and nontechnicd nature. 

Teahnioal Bullstlns 

Containing information of a technical m t ~ ~ s ,  

Reports , ,  

Reports of inveetigations of interest t o  committee membsre. Such 
reports may originate Prop variow places such as Watertown 
R r e e W  Laboratory, investigators employed 'by N.D.R. O., War 
Metdlurgy Committee, atc. 

H. ~," io rn ig  J 
Colonel, Ordnance b p t .  
Chairman, Subcommfttee on 

WelBf~  of &nor 



A 3 ? ~ R I X  A 
Part 111 

&fag the latter part of 19& the attendance at SubcoramiLtee meef- 
ings rwched a -inarm and due t o  rapid increase of xmmber~hfp in 1942 It 
was decic?ed t o  check the industrial oompanles represented t o  obtain of- 
f icial  confirmation of their desired representation. &ccordingly a 
mimeographed form letter ( ~ o r m  SC-1) was sent t o  the mnagement of a31 
member eompanf es of record together w i t h  a reply form (~orm S W )  for 
designation of representatives* 'Phe replies t o  these lettere were the 
basis f o r  preparation of an o f f i c l d  Subconnnittee menibership list aa 
indicated by Subcormnittee Circular 1W (part IV of this  Appendix). These 
forma were used only for those compaaies whose ropreeontatives had beon 
attending recent meetings of  the Subcommittee axid were not used a second 
time+ In September 1943 a second checkup was merde urrfng Form ~ b l k ,  
which WRS gent  out with the notices of the 13th hbcoarmittee m e a t i ~ ,  
October 1943, t o  the individual ind,tl~:trtaJ membersr This second chock 
formed the basis  for Revised Circular w2 (Part X t  of t h i s  Appendix). 

From time t o  tins information w a  rocefved by the S~committee 
Chairman indIcat1n.g the desirability of including membership of certain 
industrial campaaios not heretofore reprceented. In ouch cases a typed 
form l e t t e r   om SW) was sent t o  tho management of the  company in- 
volved together with n typed ropXy fdrm (FOIEI SCL10). &on receipt of 
these forms tha nanss of individuals deeigwtod ware referred to Om- 
W~shington for clearance for membership on tho Subcammittder These 
forms ( S C - 9  and Sh10) wore not used for membership check rmd only for 
new mamb ar e. 

Thaae various forms as proecribed herein pad the nsage inZUcatod 
were evolved after c o n ~ i d e r ~ b l e  p l m i n g  an8 study during the -ding 
Subcomitted aetivitioa f n 1942 in order t o  a t a b x d i ~ e  adminietratf on 
policies axid ru les  of Subcornittoe conduct. Thair UeagQ did adbompliah 
duat thht and permitted t h e  details t o  be nore efficiently handled by 
cEericnl persomol thus relieving the Subcoramftteo Chairmn and Socrstwy 
of considerable burdon. T h q  were first used for the Subcommittee meet- 
Png of 6 December 1942. 

In connection with conduct of bbcommittoe moetings one of the most 
burdensome tnsks was that of checking attan82ncs. In order to simplify 
thia procedure stnndmd fopma (SC-3 through SC-8) were evolved and n 
procedure stnndardized whereby adniasion t o  the meeting m s  by st-d 
identff icntion form, 

Notificfition of meeting date was sent  t o  dl industrial represonta- 
tfves and individual specialists by mimeographed forn letter  om S 6  
3) with which w ~ s  inoludod a copy o f  mbeographed reply forn nrd admiesion 
card (Porn S&7) together with addrcssod r e t u r n  onvelope. The top half 



of this latter form was returned by the ihditv9dua3. and the lower half 
was retained ta  be turned in at the door of the meeting room f o r  ad- 
mittance. Thade admiseion w d e  were checked from n typed ~tterrachnce 
l i a t  an a t ~ e ~ ~ t  at the door, In cases where such an attendant was 
not ~v&ilabIe the Secretary had to  take over. 

Por thooe individixals, invited t o  attend a8 vf e l t o r s  a d  not as 
regular msabere, a typed letter ( ~ o r m  8 b 6 )  was uaed with mimeogrqhed 
fora (SO-7) Pol* reply adm~ssio~ t o  the meeting. IE n particular 
h o q  meting WS~B conaidered t o  be of interest t o  the individual, hfs 
httentfon wab cal led t o  it in the last paragraph of Form SG6. Such 
invitations were limfted t o  those fnstancsa Pn which requests for such 
ettonbtme were received from Oa)-Washf agton, DCbDetroit, o r h a c e  Pis- 
t r i b t a  or re@* 3u@committeo  member^ in  which -sea tho ChaSnnan as- 
sumed that the rewonsibility for c l e ~ c e  lay with the agency in i t iat ing  
the rgquest. 

hTotffication t o  bvernment agencies waa accomplishsd by two Qpacs 
of typewritten form letters (porn 864 ma hrm sG~), For thoae agen- 
cies vhbse r resentatfves were carrf ed on %he Subcomui t t e e  membership T lfat perm S G  was used. For those agencies which were no t  so rapreseatod 
Form 3 b 5  a 0  wed, Notif Pcatian of attondame wae iadorssmnt these- 
on. Sn both asses an admission card ( ~ o r m  SG$) W R ~  forwarded, one for 
each individual who mlght attend. 

By use of these attamlanee form and admission cmda I t  was readfly 
poariblo -to t&e the l i s t  of s c t W  h t t e n h c e  without a roll cal l  o r  
othomls$ intePrup+ing the progress of the meting, pesrticulnrly for l a to  
asrivd8b In those fnotrmcee wher0 individuals arrPv~d without addsaton 
cards the door stteadest usually had a supply of both Form S G 7  and Form 
S&g, Service perflannel were m$'t froqumt offendere in th is  respect. 

Form 50-12 and Form SGl3 show the RB~istance Welding Qestionnaira 
airmlste8 in late 1942 to the tank fabricators represented on the Sub- 
cahBfktteer referred t o  in Part .I-c of thie Appandb. 



Laboratory ( a W )  Subcommittee on Welding of Armor 

I Deer Sir : 

The Ordnance Department Ferrous Metallurgical Advieary Board's 
Subaomittee on Welding of Amor is, as you know, the medium through 
Which the industrial colppanies that &Fa engaged in the weLding of armor 
for combat vehicles and aircrafi and the rarfous Government agecfee 
that a r e  Concerned therewith e x c h t g e  informatian aml ooordfmte their 
devalopgbent work on the steels, prooesaes, aad the nmterids used in the 
welding of armor, I t s  membership i a  composed of technic& repss8enta- 
tivas of these industrial companies and Government agenclas. 

The work dons by this Subcommittee i a  verg important in inr 
proving the quality of the combat equipment of our  &me& Forc~s. To 
keep its effectivefiasa t o  a maxim f t  is most desSrable ta include in 
its membership technlcel representatives of d l  those industrid COP 
panies and Government agoscies that are actively engaged in this wwrk 
and ~t the same time keep it &vn t o  a workable nire. Tho frequent 
shifting of porsonxlol that is taking place in these t imes makes it 
necessary from time to time t o  consider a revision of the Su~coa33aittee~s 
mombarship l i s t p  

An exnmftl~htfon of tho current l i s t  of members of this Subcoar 
m i t t  ee indicates that it conhim representatives of soma faduetrial 
conpanies that no longer be engaged in tho welding of armor And that 
some industrial companies nray be represented by Pndividuale who twe now 
angaged in other than t e & n i d  activities, It has, Weref'ore, been de- 
cided t o  &a a aheck of the memberehip with 8 view t o  revieing it  if 
that is shown t o  be necessary, Your c~operatiion in &ing such a check 
I s  requested. 

Will you thereforo kindly f i l l  out the attached form and re- 
tu rn  I t  in the inclosed o f f i c i n l  envelope at pour ewliest  convenience. 
In order t o  koop the Szibcommitteo down t o  a workable oirae 1t is desired 
t o  limit each induetrid company t o  not more than two repfesontativos, 
preferably one, with a thorough technical knowledge of tho ~ubjeob. 



Yeux company i n  now represent& by - 

It is proposad in tho future t o  l i m i t  attelldance fit meetiqs 
t o  desigahted reprseent~Cive~. 

Your co-operation in this matter w i l l  be greatly appreeinted. 

For the President of tho Boexd: 

Yours very truly, 

H, H. Zornig 
Colonel, Ordnance k p t -  
Secretary, Fer raus Metallurgical 
Advisory Board 

2 Incls .  
Farm lettar 
%turn envelope 



Chairman 
Ferrous Metallurgical Advisory Board 
Watertawn draenal 
Watertown, Mass. 

Dear Sir? 

As requested in your letter of November 7, 1942, the fa l l owing  

iaf ormation is submitted: 

1. Our company I s  engaged in 'the welding of zrmor and would 

l i k e  t o  be represented on the Sllbcofmnitteo for Welding of k m r .  

2 we would l ike  t o  designate as our repraeentstives She 

fo l lowing persons: 

(&me) (Posit ion in Cowsq) 

j~ These gentlemen are authorized t o  speak for thie coplpangt 

on technical matters. 

Vary truly yQUr6, 



L~boratory (IJLW) Subcommittee far  Weldiug o f  Armor 

Dear Sir: 

A meeting of the Ferrous Neta1lurg.i~ Advisory Board's Subcorn-. 
mittee f a r  l?eldfng of Armor w i l l  be held at the 
in on at A,& A copy 
of the Agenda for this meeting is attached. 

As nratters will be discuosed which are classified as 'restricted" 
only members of this Subcommittee w i l l  be admitted t o  this meeting. Members 
-not be allowed t o  send substitutes or alternates. 

I I^ 

To faci l i tate  admittance t o  the meeting it is requested. that you 
present the attached admission s l ip  at the door, completed as indicatedo 

I t  i s  requested that you kindly indicate on the attached form 
whether o r  not ybu w i l l  attend and re turn  the form t o  me in the inclosed 
envelope. 

For the President of the Board: 

Yours very t a w ,  

Hb H. Z O r n I G  
Colonel, Ordnance Dzp to 
Chairman, Subcomnittae f a r  

Welding of Armor 

3 Incls. 
Agenda 
Porm (Admission e l i p  

and Reply form) 
Return Envelope 

BY 
Secretary 

Porm SD-3 
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3TZWlUS METALLURGIOAt ADVI SORY BOARD 

Laboratory (wLW) Subcamittea on Welding of Amor December 19. 19@ 

Subject: Meeting of the Subcommittee on Welding of Armbr 

To : 

l r  A nteeting of the Ferrous Metallurgical Advisory Boardf B Subcop 
mittee on Welding of Armor w i l l  be hald at the - (Hotel)  
(City 8a ~ t a t e )  on (,k and w e )  at - A.M. 

2. The records of the S~bconrmittee show that the fal lowing are llbw 
members representing his (office or dia tr i c t ) :  

( F i l l  in aamea of members) 
, . 

3. f t is requested that the undersigned be notif Eed by indorsement 
hereon which of the above-named persons w i l l  at tend t h i ~  meeting, If l dm 
to the present conditions, any of the named parsons are no longer mall- 
able t o  ac t  as representatives of his  (office or district)  , it I s  re- 
quested that the undersigned be notif ied of this also and that someone be 
designated ia h i s  stead. 

4. As matters w i l l  be discussed at t h i s  meeting which are claosi- 
fied as 'restrictad" only members who have been so designated t o  represent 
his (office or district) and who present one of the attached admission 
cards properly executed will be admitted t o  the meeting. 

For the Prasidont of the Board: 

2 Incls* (in 
Admiasion card 
Agsada 

H. H. Zornig 
Colonel, Ordnance D q t .  
Chair-, Subcoinmi t t e e  on 

Ifel df ng of Amr 

Form SG4 ~ 



?Gtr/ ahk 
F3RROUS mA4mGICU ADVISORY, %A- 

Dacember 19, 1942 
Laborataxy ( WLH) Subcommittee on Welding of Armor 

SubJeet: Meeting of the Subcommittee on ?'felding of A m r  

To: 

1. A mce ting o f  the Berrous Ms tdlurgical A d v i ~ o ~ y  Boardt s Subcom- 
mittee on Welding of Armor w i l l  be held et the ( ~ o t e l )  1 

(City & 3 t ~ l t ~ )  on (Das and k t e )  at A.M. His IC 

is invitod to be rapresented. 

2, It is necessary t o  limit attendance at this meeting t o  those who 
axe actually concerned with the subject dealt with by the Subcommittee. 
His consideration of this in designating his  representatives will be ap- 
preciated. 

31 As matters will be diecussed at this meeting which are clasei- 
Pied as "restricted" only those who have been designated and who present 
one of the attached admisalon c a d s  properly executed w i l l  be admitted 
to the meeting. 

4, It is r e ~ e s t e d  that the undersigned be notified by indorsement 
hereon who has been de~fgnated to represent hia * t 

For the Preef dent of the Board: 

* off 5ce or df strict 
& H. Zornig 
Colonel, O W c e  Dept. 
Chairman, Subcornit teo  on 

Welding of Armor 

2 Incle. (in trip.) 
Admiseion cord 
Agonda 

Form SC.5 



Dear Mr. I 

The Chief of Ordnance has directed me t o  extermd t o  you an in- 
vitation t o  attend the meeting of the Berrous &tdLlurgical Advisory 
Board's Subcommittee oh Veldirg of Armor which is t o  be held at the 

( h t e l )  ixi (City and State) I (&td 
at ( Time) A copy of the Agenda for this meeting ie attached, 

As matters w i l l  be discussed whiah a r e  aleasif i e% sa n ~ e a r t ~ i c t e a n  . 
only meaers of the Subconnni t t e e  on Welding of h m r  or invited guosts 
w i l l  be admitted Lo t h f ~  meetit~g. 

To facilitate admithoe t o  t h e  mating It is requested Chat 
you present the attached admission s l l p  at the door, oomplrted as indicated 

It fs a l s o  requosted that you k f a y  indicate on the attached 
form whether or not ycru w i l l  attend and ~ e t u r n  the form t o  me in the in- 
closed envelope. 

Qn (&y and & t o )  , there w i l l  be held a meeting o f  the 
Group in 

(Addross 9 at -- A.M. 
19 you desire to attend this  meeting it is suggested that you bring this 
l e t ter  with you for fdentifioation. 

For the President of the Board: 

Very  truly y h r e ,  

Tr, X. %mi$ 
Colonel, Or-ce Dspt. 
Chatrma, Sl lbaodt tae  on 

Welding of A m r  
3 Incls,  
Agenda 
Form (Adm~ssion s l i p  

nnd Return form) 
Return cnvelope 

w 
SecrertwZr$ 

Form 6Cr6 
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S e c r e w y  
Subcaramittee for Weldfng of  Axmr 
Wbter-torn Arsenal 
Watertown, Massachwetts 

f Plave received the notice sf the meeting of the Subcommittee on 
Welding of Brmox to be held at the (gotel) in ( ~ i k y )  I 

(Statel , on (I& ertld Date) 

I WILL (WILL HOT) attend this meeting, 

w 

( ~ A C H  HBU AND RETURN THfi: ABOVE IN INCLOSEJI ZXVBOF3) 
----------f'-l--""------------------------d-h-----*--------------------------- 

ADMISSION CARD 
( mr s c m  M O ~  BE' F R E S E N ~ D  AT THE DOOR) 

JCdmi t (to be f i l l e d  in at W. h.) t o  the meeting of the 
Subcorrrmi t tea ott Weldi of Asmr t o  be held st the ( ~ o t e l )  
tn (City pnd Sta t3  . on (Iby and Date) at  A. M. 

/s/  K, B. Zornig. Colonel, 0.D. 
( O b i  rman) 

To eaabls the secretary t o  keep his ~ecords  up t o  date, 
it Ps requested that you fill in the following: 

MIL ADSBlSS P ~ S O W i  

Yes (Croas out word) 
Luaheon desired ( not appl icabl e ) 

No Form SO-7 



SUBalMMSIYT3B FOR WELDING OF mIOR 

~ I S S I O N  CARD 

(THIS CARD MUST BIC PfLBISICbfPED AT TETB IIDOR) 

hae been designated t o  represent the 

(To be fQled  in at W.A. at the meeting of the Subcommittee on 

tfelding of Armor t o  be held at the (sotel)  in ( C i t y )  I 

> .  ( S t a t e )  r 052 ( b y  e~nd a t e )  a P at A, H. 

SI WTURE 

IUK O P '  
OESI G U T  f ON 

To enable the secretary to kaep a~propriate reaords it  is requested 
that the designated representative fill in the following: 

Sybaivis ion Flapresented 

Pos i t ion  Occurpied 

Yes (Crase out word) 
Luncheon desired (not applicable) 

No 

Form S b 8  



President 

The President of the Ferrous Metallurgical Advisory Board has 
been informed that your company ~ h o u l d  be repreehted on that Board's 
Subcommittee on Welding of Armor. The purpose of the Subconmlttee on 
Welding of Armor is to plan and coordinate, through complete interchange 
of teohniod information, the work being done by the fabricators, the 
manufauturere of equipment and supplies, and the Qovernment agencles eon- 
cerned, on the development of the processes, techniques, equfpmont and 
mater$ds used fn the fsbrlcation of armored military materllol by welding 
with a view t o  producing the bast possible quality, in the required qua- 
t i t ie$,  with the materide, equipment and operating personnol t h t  are or 
can be made available. 

If your oompaay deeires such representation, will you pleaao 
f f l l  out the inclosed applicstion form and re turn  sama t o  mom 

In order t o  keep the Subcommittee down t o  a workable Eifee, i t  
is desired t o  l i m i t  each industrig1 company t o  not more t h n  two rap- 
resentatives, pr~fembly one, with a thorough tochnicd knowledge of  the  
sub j o e t  d e a l t  with. 

Ae the members of this Subcommittee are entrusted w f t n  in- 
formation that is claserif f ed as "rcakricted"t is necessmy tbrz t  they 
ba clewed Par membership by the Off f ca, Chief of Ordnnaca. he soon as 
this  u l e w ~ c c  has been received, you w i l l  be noti f ied.  

%r the Fresf dent of the Board: 

Very truly yours, 

2 Incle. 
Application f o m  
Return envelope 

R, H. Zornig 
Colonel, Ordnanc a Dept. 
Secretnrg, Ferrous Metallurgical. 
Advisory Board 

Form S b g  



The Presihnt 
Ferrous Mer%dZl;lrgi~d. Ahierory 
Watertown h o e d  
Wetertowa, kas$ehusstts 

Sir: 

The 
(cow4 

of 
(Address 

desfrea t o  be repreeented on the perma Metd.lurgical Advisoq? 

Board's SubcoPlmittee on biding of Armor. I t  deafrelrr t o  desigmte 

oe its representative on this Su'bco-ttee the followfag psreons: 

(Name) ( P o s i t i o n )  

These persons are citizens of the %it& Statear and the 

Company is w i l l i n g  t o  vouch for their l o y a w  to the United Statas, 

compwy desires repressntatirhn on thie Subcommittee b e  

very truly yours, 

(one copy to be submitted t o  the oompaqy) 



Watertown Arsenal 
Iqatertotm 72, &ssachuset t a  

Ij September 1943 

In order t o  keep the Subcommittee records up to data, 

it i s d o s i r a d  t o  determine whether your compasy is now concerned 

wf th the fabrieat i o n  of. ~ T P ~ O T R ~  vehicles by voiding and st i l l  138- 

sires t o  rota in  representation on the Subcommittoe. It is t h e r e  

forg requested that you fill out and return this form in the 

inclosed addressed efivelope. 

THE. ( COI@AlE) 

IS 
IS NOT engnged in the  fabrication of armorod vohicles 

welding plnd therefore 

W3S 
DOES NOT desire to retain representation on the Gubeowaittee. 

U T E  TLTLfi: 
' Form SO-11 



Rcisietmce Bpet WeLdAw of Amor Plate 
OT Welding: of bttmbents 40 Armor f l a t s  

It Are You doing aW spot welding of armor plate at preaent? 

a. If so, please give brief description of the applicatioae. - 
(use separate sheet if mcessmr) 

b, I f  you are  spot welding s m r  plate, p?eaes briefly descrfba the pro- - 
csdure control you use fp production. 

c* If you have any, please forward 9% copy of your design stadaxds and - 
note if $o*aPdsd. 

2. Do yau desire to  weld face-hardened o r  hmogeneoud armor? 

3. What rmge of materia thicbesses do you desire t o  weld! 
(If combinations ~ t e  of unequdl thickness, .please state both, ) 

4. What types of jo ints  predominate: (Please ubck nurnericdly t o  indicate 
preference, and note a, b and c a r e  st~gss-beart% jo ints . )  

a* Straight butt jo ints  with flat butt atrwpe. - 
b. Corner joints with angle butt straps, - 
5. Lap j o i n t s  of armor plfite, 

d. Attachment of clips or other small attachment~l to maor plate. - 
5. h t  maximum t h o a t  deptha s h d d  spot welder8 for armox late have? 

(Unused throat  d q t h  cnrriea a h e b y  power demnnd peo~llfy 7 m 



6 .  Vh.t range of plate thichrem~ea, do you est imbe spot  welders should cover? 
(Please state this in terms of several progreseively~ heavies welders to cover 
the range o f  plate desired t o  weld, 1 

7- How do you prefer t o  clean plate surfaces preliminary t o  spot welding? 

bw Allzndum or other artif icitsl abrasive blasting. - 
c. Grinding. - 

8- Db p u  know of any other method of cleaning, other than those l i s t e d  in 
h a t i a n  7, which b s  proven t o  be satisfactory? 

9, &at, in your opinion, is the best method of checking procedures in produc- 
tion? @lease, outline w h a t  you consider t o  be a satisfedtory method.) 

10. bat ,  in your opinion, are the major unsolved problems in tho application 
of the spot  welding process to the welding of armor plate7 

Please f i l l  out this questian- 91'1ZE 
nalre and mil in the inclosed 
envelope t o  : hmandiag. Mficer O W I Z A T I O N  

Watertom Aresnal 
Watertom, Maso. ADIEESS 



Reristanoe l laeh Butt Welding of Armor Plate 
o r  Waldiw of Attachments t o  Amor Plrtta 

1. Are you doiw flash butt welding of armt plate at preseqt? 

a. If so, please give brief description of the  applications. - 
(Use separate sheat if  nrcesoasg,) 

b, If you are flash butt welding amor plate,  plense briefly dsrcribc the 
I 

procedure control you w e  in production. . 

c. I f  you have aay, plaase fomard a copy of your design otmdarda and n o t ~  
.L 

if forwarded. 

2. Do you desire t o  weld facehardenod or hamgarnous armor? 

3. mt range o f  material thiekneaaerrr & you desire t o  weld? 
(Xf aombinationo arc of unequal thiaknees, plesre s t a t e  both. ) 

4, What types of oints  predominate;  l lea so choak numeriwlly t o  indicate order 
of pref erencc. 

a. Straight bwtt wolds between two pieces o f  the same ~wterfal of equ4 - 
thi ckna as, 

b. StraZght butt 'welde between a piece of armr plate and a piece of so- - 
other sttsel, such nr low carban atso l ,  

c. Welding of a-r or l o w  carbon steq3 eztb&ments t o  the edge0 o f  armor - 
p l ~ l t ~ .  _ 



5. The length. of the longeet joint you d'esire t o  weld i$ a 
6. Presuming the veld qualiw and operation econow juntif ies  the changes, w a a d  

you change your produat deafgn to  permit applying f lash welding? 

7. k t ,  in your opinion, is the best method o f  checking procedure in production? 
(please outl ine what you consider t o  be s satisfactory method.) 

8. What, i n  your opinbn, a r e  the msjor unaolred problems in the applioatiap of 
the f lash welding proaesa Ca the  w e l d i ~  o f  amor plate? . 

TITLE 

ORGANIZATION 

ADIBZSS 

UTE 

IMPORTAPT - Please fill out th i s  @eationmire and mail  in the inclosed envelope 
to: Commanding Officer 

Water town Areenal 
Water town, Mass, 

Form S E 1 3  





The Agenda f o r  meetings of the &ibcammittee on Welding af Awor were 
usua;tly prepared by the Chairma and Secrotsy in advance of the d a t e  of 
meeting baaed upon qgesrtiane receivd by correspondence from other  Intorested 
agencie~ and i l z d i ~ i d ~ n d s  in raspanse t o  roquests from the ChaS.rm cs indicated 
by certain fa closure^ of P,wt I-$, &panC.ix 4.. This procodure'wns follawed in 
genera  until 1 e . t ~  1942 when atnni&dization of S~&commit tea procedure and 
organizatgon into Groups tondad t o  produce genera  discussion~l of particul~x 
or special aub j e c t s  in tha G r o q  maetings instoad of in tha  mnin Subcornmittso 
mooting, 

After the Soptombsr 1942 rnccting t h c  gcttorn of Subcommittwo rnaetiqn 
developed i n t o  a s tnnd~,rdi~od form in which thc ChF,irrnen of the vnrioue Gmqe 
occupied mst of tha meotinp: t i m e  by prosonting reports of tho dalfborntions 
of thoir rampactive G r ~ q 8 )  Thfs procadurc enabled st~~qdnrdirtation of Qundn 
which is nppaont from thnt o f  tho meatfng, 6 Pecembor 1942. Fmm thon on n 
standard Bgundb m e  quite conaistontly follo-.rod f o ~  tho ranin Subcomittao maet- 

Tho copies of &on&, whIch ~ , r o  included hero ?,re etrrnngod in chronologicd 
ordor accordfw t o  of meatiiljis, 



IJar Department 

0-CE mmm 
Ferroua Metallurgical Advi sow Bbsrd 

SITBCOWTTEF, ON IrnXr5NG 03' W O R  

Membership Lq8t 



Gmbols Used to Indicate P r i ~  Interest 

A - Producer of Armor 

If - Processor of Brmor 

F - Fabricator of Armor Weldmente 

W - Producer of Brc Welding Equipment Including g q p l i e e  
and Xlsatrodes 

C - P~oducer of Core tiire for Electrodes 

B - Produc~r of Resistance Welding Zquipment 

2 - Technical Phases (Design and ~welopment) 

I - Procurement, Product i on  and Inspeat ion 

P Aircrezf t 

'V - Vehicles 

S - Ships 







mr-m ! q 

811- mrsn -ar- -1 

-w I-t- 
m . r s q s q  80 V T T  8 - 6  

P lo m 10 B~U[PHI m [ o m w  MI-t 
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for - 

Subcommittee on Welding of Ar.am-r 



m w  IamI.NG 

AG= 

for 

The work of this Subcommittee is t o  be direated toward 
developing euftable progedures Bsld materiala for welding armox. 

I Or~anisat ioq. 

(a) Discuesion of mope of work t o  be covered, 

(b) Siee and membership of Subcommittee. 

(c )  Coordination of autivffies - chai-. 

(dl blsase BM dfstributfon of confidential data, 

IYl, Results of tests  of weldments comlated or Oa vromesr* 

IV. Reuuiremente for welded .joints inarmor, 

(a) w e a  of t e s t s  - proof, pbsical,  matallurgicerl. b e l l i s t i c ,  
noa-des true tive. 

(b) Standard8 of qualiw - phyeical properties, soundnsssr 

(c) Types of joints desirable from febriwtton standpoint. 

( 3 )  Gats w a d i n g .  

VI. Stanbrdlesltf on. 

(a) Insgeetion s tandarda. 

(b) Discussion o f  apeeifications. 



VII. Co-o~orative proerpms and a3lpcntioa of work. 

I t  is suggested t h t  repreaentativee gfva cons id~ra t ion  in 
advance and be prepared t o  discuss pro'bleme for incluston in the 
Research and Developoont Program and faci l i t ies  which may be 
uti l ized for the prosecutSon of tho work. 

Vf If w Brragenanta for the future. 

(a) Datermimatton of ganerd frequency of meetfrge. 

(b) Decfeion 09 tine a d  place of next meeting. 



for 

(a) Discussion of propoeed %raft of gene- specif3cetioia for 
arc welding af armor, US-497 

(b) Discussion of methods of inspection aad inspection standards. 

( c )  Weldability of armor and guttable tests therefor 

I f .  Scope 09 work. 

To develop procedures for welding of homogeneous and face- 
hardened w r  of both the rolled and the cast type in thicknessee 
up t o  and including 3w, The work also Imolves the hmt treatment 
and testing of welded armor structures, 

111. Release and disrtributlan of b t a  

(a) Welding procedures 

(b) Results of tes ts  

Cc) #eldin9 &ts sheet for specimens submitted for b d l i s t i c  t e s t  

ff Testa comleted and in .progreae 

(a) L i s t  of ballistic data from t e s t s  completed 

(b) Lfst of companies t o  whom armor plate h~ar been sent for 
welding development work and status of the work 

V. Research sad detelophent progrm (see amendid 

(a) M s m ~ s i o n  of problems 

(b) Facilitiee available 

(c) Details of testa  

TI, Arrangemeate for the future 

(a) Approximate t ime  and place of next meeting 

f b) Preparations to  be made 



f a r  

SUBCOMMITTEE FOR Y%DING OF ARMOR 

Plnce - Ho to1 Clavoland, Clevelmd, Ohio 
IC__I 

1, Membership, 

(n) Addition of The Mc- Conpaw. 

(b) Discussion of passkble monborship of Mr. R, S. Komznitsb  
of the Broaza Corporn%Zonl 

(a) Bqarisnce with Specif f cc.tion ~ ~ 4 9 7 -  

(b) Application of  reeistmco welding t o  fabrication of armgrad 
&trU~tllros+ 

1. Thicknerssos t o  which applicnble. 

2, Sr~cticabrlity of applfcation on tempered pl~te. 

3. Should d d f t i o n a  be m:rde t o  the Cnmit tae  of 
repr esentativos, f ron spot welding firas, 

(c)  &aduc t i o n  problems. 

(a) Nothods of inspection arid inspectinn stmd.a~ds. 

( e )  Supply of olsctrode nztor-lagl 

Repafr of h a r  Castiws 

(a) Minor daf ec ts  which dovolop during f i d  heat trarrtri!ent. 

(b) Dafccts which are uncovered during nacbfnfw. 

1. Rqport of experimental t a s t s  'conducted at t&torto?m Arsenal. 

Tonts Cowletad and in Pmgrosa, 

(a) mscussioa of ~ e p o x t s  dfstributod t o  mibcomnltteo mombor~. 



(b) Welding tesGs in progress. 

V. Resoetr'ch an& De0.eloploen.t &offram* 

(a) Discussfon gf problems. 

(b) Fac5litiss available* 

( c )  Fatigue testing of welds* 

(d) ProposedresearEhpmgrme* 

*It I s  not anticipated that time w i l l  allow dfecueeion of the research 
progreLm. However, I t  i s  wuggested that yov bring t o  the meeting copies 
of this  program which -peared as an appendis t o  the agenda used st 
the last meeting and as m appendix in the minutea of that arsetfng* 



AG3m 

f o r  

SUBCOlg.iITTZ FOR !:!lEDIlW 03' ARMOR 

Place: %ouesns C7.uhr Pi ttsburgS., PR. 

Member ship + 

(a) New members. 

Research and Peaelcnmant Program. 

) Discuasian of outline mepared bp Research Progr,m Subgroup. 

1, T%ldabilitg of 3rmar. 
2, ITethod-s of shock testing of welded j o i n t s ,  
3 ?~~sce l lmeous  nro j ebts ~ropa6ed~ 

(3) A1locr.t i o n  of specif j. c probf RXS* 

(d)  Suml~  O? el~?ctr08.e mr),teri~.l a. 

Repeir of Armor C m t i n , s ,  

( R )  Report of invsstigstion s.t %tertown f ~ r s a n ~ 3 ,  

(b ) Production probl~me . 

Xscussion of Proposefl '?eldink: h t n  Sheet- 

Discussion of Bmorts Dietributed Throu~h  Subcommftt~e, 



FIRST ESLZMINARY MIKEZING 

SIlBCOMMITTEE FOR 3ESISWCE IfXLDINQ - 
Place: Officers' Club, Watertown BTsenal, Watertown, bbas. 
kte,: 27 A - ~ U S ~  1941 
Time: 10:00A,M., E.D.S.T. 

Anticipated At tendance 

It is expected that representatives from the following organizations 
w i l l  attend: 

Office, Chief of Ordnance 
Aberdeen Provf slg Ground 
Rock faland Araenal 
Wright Fie ld  (u. S. &rqy A i r  Corps) 
Bureau of Ships (u. S. ~ a v ~ )  
Watertown Arsenal 
Twlor-Winf i e l d  Corn,  
Thompson-Gibb Electric Welding COW 
Federal Machine and ?Velder Co 
National Electric Welding Machines Co. 
Progross ive IVelder Co- 
S w i f t  Electric Welder k. 

1. Objective 

The work of th i s  subcommittee is t o  be directed toward developmeat 
of suitable resistance welding mothods for manufacture of armored and 
othar ordnance structures. 

(a) Sfzo and membership of subcommittee. 
(b) &ordinetion of act iv i t ies  - Chairman. 
(c) Release and distribution of confidential data. 

(a) Methods of wglding permissible, 
(b) Limitations - composition, plate thickness, typo of plate, 

and heat treatment. 
(c) Q-ps of joint desirable from both the f a x i c a t i o n  and welding 

standpoint . 
(d) Ifelding and testing facilities available. 
(a) Problem proposed by Wright Field for aircraft armor, 



fV, Ca-omeratlvb braarch arid Devslofrnegt Progrtq 

8 t  i t l  uuggsrted thab rapreaeatatlvos givo considemtion in rdvmte 
and be prepared t o  discwld problame for inclusion in tho Ccl-operative 
Besmrch and Development Progrwn* 

h a i l i t i o s  which m y  be utUi~oc% for the prosooution of the w o r k  
mhould also be considered. 

General discussion of ordnanae maaufe~uturing problem8 t o  whiob 
methoda of resislmce welding might bo applied, 

(a) Clomrsl fr~qvency nf mwtfqs. 
(b) T i n e  and place of  amt mootingp 



AG- - 
for 

SQCdMMITrn FOR !mLD'ZW OF AmK1R 

1, Membership. 

(a) Yew members aroyoaed. 

1. P a l i m n  S t ~ n d ~ r d  Cnr Co. 

2, A i r  &Auction sales C o r  

3 .  Oxrdeld Cory., Chicago, 

I Reee~r  ch and Development Pfo~ram, 

( c )  Report an Ifelding X t n  Sheet. 

I. Mecussion. 

(b) w o r t  of progress from P M G ~  Subgroup, 

1. Tests of H and Y welded plates. 

4. Developm~nt of subs ti tuts elcclradea. 

5. &tension of research projects l i s t e d  under bss io  
research gro@am with special refet~nce t o  &sat@ 
of joints,  effect of interarrl atreesas, and pracedures* 

111. Fabricat ion of Weldments. 

(a) h a r t  on r e v i ~ i o n  of Speeific~tian AXS~QT. 



(b) P~ogresa in fabrication sinco last mooting, 

(c )  Inspaotion problems. 

I V .  . Repair of Castfnm 

(a) Eeat treatment after weld repair an surfaces t o  be machined 
m d  not  t o  be wchinadr 

V. Distribution of l l ~ t n  

(a) Reports d iatr ibutad ~ P n c e  lzst meeting. 

1. Discussion. 



for 

Place: Statler Hotelo Detroit,, M i c h i g ~  
Pste: 7 January 1942 - 
Hour: g:0o A,M., E.S.9, - 

I, Membership 

(a) Approval of Una tielding, Inc., and Alloy Rods Company 

(b) Scope of membership 

11. Specif icationa 

(a) Discussrfon of revision of -497 

(b) Specification for machine welding 

111. Fabr9,cati.o~~ o$ Weldmenta 

(a) Ikperienceo with Armor Fabrication since lcet meetirg 

(b) Production requirements 

( c) Inepeetion methods 

(d) Suitability of WAS-1 

SV. Research and Developnent Program 

(a) Report of Xlectrode bnufrcfurers' $ubpoup 

1. Outlllle of research program 

2. Collection of electrode data m l f a a b l e  t o  armor welding 

3, 0,P.M. viewpoint on nectrode situation 

(b) Report of Fabricator Research Pragc- S t l b g r o ~  

1. Results obtained on H and Y program 

2. Weldabil f ty research at b c k  Island and water town Arsenals 

(c)  Specif Sc research progects which should be initiated 



V, Ballist i-c Tasting of ?!eldrnents 

( 8 )  SLug shock t e s t  

(b) Consamstion o f  ammunition 

VI. Distribution of DRtn 

(a) Reports distributed 

(b) h t h e r  interchamge of infarmat i o n  



mwm mmrm 
AG- 

for 

Place: Materiel Pivisfaa, Wright Field, b y t o n ,  Ohlo 
7 

h t e :  - 13 ~m~81y 1942 

Hour: - g:W A,&, &S,T. 

I, Me~bersh~p 

(a) New meabere since last meeting. 

11. Resistance W~ldinbr: of Armor 

(a) Results obtained on experimental promam. 

1. ke-hardened plate. 

2. Homogeneous plate, 

(b) Specif fc  prajacts t o  bo undertaken, 

1. Tests of typical aircrtdt armor inetaf l~t ionst .  

111. b p l f  cation of Resistance Welding t o  Aircrnft Structureg 

(a) Presant uso of. resistnnce welding wthods* 

(b) Possible  additional applioations. 

1. &ggested tests.  

TV, Proposcds for Laboratory bsgarch 

(a) lklding cycle vs. hoat effect  in spot welding. 

(b) Size and spacing of spots VS, physical properties- 

(c )  Effect of preheating. 

(d) Phyaicnl propertica of flash wolds. 



- 
s m  mmxm 

A I J m m  

for 

SUElCOMMITm FOR WIKDI'16G OF ,.-OR 

Place: Statl ar Hot el, Detroit, Miahigan - 
Data: Sun*, 1 March lg& - 9: 30 A.Mc - 

I, Report of Submow Activities 

(a) mectrode subgroup meetinge. 

(b) Fabricators ' subgroup' meetings* 

(c )  Flame cutting prepmation of plates. 

11. Electrode Situation 

(a) Status of ferri t ic  electrodes 

111. Revisions of ~ , e c i f i c a t l o n s  

IV- Armor Plate Developmentq 

(a) Steels containing lower alloys. 

V, Ballistic Test Results hmarg: 

(a) Practices t o  be recommendedr 

VI* Radiomaphic Standard8 for Weld Soundaess 



for 

SrnCOrnTTTrn FOR WmDIETG OF , m O R  
, ! 

Placo: Hotel Statl'er, Detroit, Michigan 

%te:  Sunday, 21, June 1942, 9: 70 A.M. 

I ,  Stctua of LOW Allay Armor Canpo,sitions 
\ 

f I, Rtrmrcrks on Alloy Sitw,tian a f  KY.3. Rflpraaent~tivea 

I XI. Reports of Homganaoua Armor Fc.bricatarr Subgroun 

IT- Repa r t  of Fpc~t-He.rd~ned Armor Frtbr icatars Subgroup 

( A , )  .Manual f o r  w ~ l d i n g  o f  fsce-hnrd~ned &rmor 

(b) Snncif i c ~ t l o n  for w a l n i n ~  of" f~e-hardaaad R r m b r  

V, Rmart bf nectrnde Subgroup 

( R )  h r r f  t i c  electrat!e dmelopment s 

VI, Rmart of !.feldiw Supamisor far Hatianal Resen.rch. Cauncil 

U I ~ .  Other Businssa 



SUB~NMITTTE BYIR FmJamc OF ARMOR 

Flesc! & t e 1  S t n t l c r ,  D e t r o i t ,  Mi c h i g ~ n  

k t e :  Sund~y,  2CISmternber19h2 - 
b u r :  - 9 : f O  Y L . ~ ! . ,  E. ItT. T. 

Discussion of Low Alloy Armor  composition^ 

(P.) B ~ l l i e t i c  Teats on H P l p t e s  

R e p o r t  on Alloy Sf t w t i a n  by V.P.B. Repr~~eatn tivea 

Rpport of Homogeneous Armor Fe,bricv t o m '  Subgrourr 

(a) T o l e r ~ n c ~ s  on Dimensiana and F I ~ t n ~ s s  

(b) Procedures for Gcs Cutting of Armor 

( c )  Repnir of Processing Crack8 in Plate 

Rmort of FnceNnrdened Armor FeuBrf cators' Suberouy, 

Renort of Y l ~ c  tro&> Subgroup 

&po.rt of Specif i c e t ion  Subgroup 

R ~ w o r t  of b s i s  t ~ n c ?  " T e l r ? i ~  Subgroup 

(a) C h ~ f r m ~ n  

R ~ n o r t  of Aircref t  ?~a3ufucturer~' S U ~ E ~ O T I D  

(a) Cheirmn 

R m o r t  of P.R.C. Sum~rrrisor of ''?lding  project^ 

0 ther Bus inee s 



for 

II* 

IV. 

1 Belleme-S'cr~tf or d Bot dl, Phi lds lphb,  Pa* 

h t e :  Sunday, 6~eoamber1942 - 
Hour: 9:50A0i4,, 2Z.W.T. - 

Report on &loy Situation (w.P.B. ) 

Report of Homogeneous &mar Fabrf catore' OToq ( ~ r .  ~cfbwell)  

Roport of FmacslIardened A m  Fabricator.' Gmnp ( ~ r .  ~bbott) 

Rapart of Elelatrode G r o u p  ( ~ t ,  -9anddl) 

Report af Spscificatione Group (kj. Coombe) 

Report of Resetmch Group (~t. CoLr  rye) 

Report of Realatme Welding Group (Rr. hkpes) 

Report of Aircrhft hrmor FRbricetors' Group (hJ. ~ c ~ a n s s )  

~ & r t  of N.R. C. Supemisor of welding Projects ( ~ r .  ~ i k b a ~ a ~ v )  

Report of Armor Liaison O r o y  (Mr. Rayma) 

Other Bualaess 

(a) Next meeting 



for 

SIJBCOMMITT3$ ON MELDING OF ARl4OR 

Flace: Hotel Cleveland, Cleveland, Ohio 

k t o :  Saturday, 6 February 1943 - 
ITour: 9:30A.13., X.W.T. - 

Discussion of Alloy S i t w t i o n  (WOP-B. ) 

Rapmt of BbaeHnrdenod Armor Fabricatore' Grow ( ~ r .  ~ b b o t t )  

Report of a ~ a t r o d e  Qrnup (Lt, &tadall) 

Report of hsistance Walding Group (Mr. h o p e r )  

R e p o r t  of Armor Liaison &OW (Mr. lbpue) 

Report of N.R.C. Sttper~isor of Welding Pro j ec te  (~r. ~ikb3apov)  

Other Bus inees 

(a) Next Meeting 



Admu 

for 

SUB COl.6I T m  ON WZLDXl?G Q2 ABWB 

Place: Palmer Hnuse, Chica.ga, l l l i n a i ~  

h t e :  Saturday, 5 June 1943 - 
Hour: g: sOA. l I , ,  C.W.T. 
_Ce 

I. I)iscuseion of Al loy  SituatSon ( W ~ P - B . )  

I I. 

111. 

IV* 

V* 

VI, 

VI I. 

VIIf, 

IX. 

X I  

Report of Homogeneoura Armor Brabricatorst Gr~up ( ~ r .  ~ a l b w e l l )  

Report of F~ceHardoned &mor Pabrioatorat Group (Mr. bbbatf) 

Report of Electrode Group (Lt. haikfil) 

Report of Aircraft Anmr Mricatorsl Group (kj. ~ a l n a e a )  

Raport of hs i s tance  Welding k o u p  (~r. hoper) 

Report of Speuif icstions G r o u p  (w. bornbe) 

Report of  kmar Liaison Group (Mr. ~aymn) 

Report of P,B, 0. &perviaor of Welding h o g e c t a  ( ~ r .  ~Wmlapov) 

0 ther Businaoa 



for 

Vf. 

IX* 

SWCOMMITTIB ON WELDING OT ARMOX 

Plats: Hotel Pennsylvania, Mew York City 

h t e :  Thureday, 7 October 1943 - 
Hour: 9 : 3 0 A . M . ,  3kW*T. 
c.cce 

Discussion of Alloy Situation (W.P~S- ) 

Report o f  Romoganeova -or Fabricators' Group Hc~owell) 

R q o r t  of Face-Wardsned Brplor Pabrimtor~~ Gmup ( ~ r ,  ~ b b o t t )  

Report of nectrode Group (Capt. Rebnttrrll) 

Report of Aircraft Armor Fabricators' Omup (Ma& McInnes) 

Report of Resistsnce Welding Grow (Mr. Cooper) 

Report of Specifications Grow (%jr &ombe) 

Report of Armor L i a f  son G r o u p  

Report o f  N,R- C. Gqemisor of Welding Projects (Mr. Mkhdapw) 

Other Businees 

(a) Next Meeting 



A O B q  

for 

Place: - 30 tsl Cleveland, Cleveland, Ohio 

Date: - Th-d~y, 11 Ma3t 1944 

Hour: - 10~00 A.M., E.W,T* 

11. Report of Homogeneous Armor Babricators' b w p  I&. Mchwadl l )  

I1 I. Report of Face-EEstrdened llrrnor Fabricatorel Group (Mr. Abbott 

IV .  Report of mectrode Group (bPt, b n d a l l )  

V. Report of Aircraft Armor F~bricators' Group (MadD ~unlap) 

VI. Report af Resistance Welding Group ( ~ r .  Cooper) 

V I  I. Report of Specificatfons Group (w. Coambe) 

VIII. Report of Brmor Liaison Group (Mr. b e e )  

IX. Report of N.R.C. Supervisor af Welding Pro j e o t s  (~r. ~ i k h a l a ~ o v )  

X. Othor Business 

(a) Next Meeting 



AG3cNaA 

for 

VI. 

IX. 

XI. 

SUBCDb@lITm ON WlLDINb OF ARMOR 

Place: - Hote l  Cleveland, Cleveland, Ohio 

Date: - Thursday, 9 November 1944 

Hour: - A.M., E-W.Tq 

Pi scussfon of Alloy Situatiop ( w . P - ~ +  

Report  of Homogeneous kmar Fabricators' Group (~r. &%well) 

Report of Face-Hardened Armor Fabrf catorsl Group ( ~ r ,  ~bbott) 

Report of Zlectrode Group (Capti.   and all) 

Report of Aircraft Armor Fabricators' &olq (kj. h i l a p )  

Report of Resistance Welding Group (~r. cooper) 

Report of Armor Liaison Group (Mr. b e e )  

Report of Reeearch Group (~r, Jennings) 

Repart of N.R. C. Supervisor of Welding Projects ( ~ r .  ~ i k h e l a ~ o v )  

Report on Weld Studies at Watertown Arsenal Laboratory 

0 ther Businegs 

(a) Next Meeting 



APPXWDIX C 

Meeting Attendance Record 



Subcomr~it t e e  on Weld.% of hrmar 

GROUP ~. -- - _ .  19 D~C. 1940 21 Jpn. 1941 20 fwe 1943 . - 

Tank Fabricntore 8 7 -  6 

A m r  Producers - 11 - 1  , - . - - -  8 - 
Core Wire Producers 

Aircraft F n b r m r ~  - 
f adustrial - Allled b u n t r i e 8  

A m  A i r  Forces 

War Production Board --- - 
N n t w  Research Council 

Government - A l l l e d  Cauntries ___ _ ___ _ _ _ - -  - - - 
Guests - Fabricators 

Liaison Group 

Brmor Producers 

Beaistmce Welding Equipment Mfrs, -- 1 L-v 



. A  . . -16 .- - ---a- , .  24 e - 
Un. See.of tVnr On. Soc. ofWrrt Un. Sec,of Vur ~ n *  See. ofbtnr 



specia;l 
19k 20 S e p t *  1942 6 Doc. 1 42 6 Feb, 1 4 

---- --- 9 4 ' 3 3  



l l M a y l U 4  9 , 9 rov, 04!+ -- Meetings ReEsented 

37 25 15 ReRular .- 

5 3 15 Regular, 1 Special 

G z t m u L  Nom: 
Wreaentatives of various groupa 
actended moetings as guests prior 
t o  becoming regular members of 

1 3 the Subcommittee. &ch repre- 
sentntion i a  not  included above* 



LIST OF A!l?TBDlMCE 

Meetings of 

SUBCOMMITT- ON W%DING OF m R  

FIRST IGE!tIPTG - 19 Dacember 1940 
XATm!orn fiRsmhL 

I M1UGWdfr - 9 B I P ~ ~ ? T A ~ I ~ S  
(Fabricat ore)  

hericexi Car md Fowdw C o q w  
American Car and Foundry Cornpaw 
A. OI Snith Corporation 
Baldwin Locomo t ive  b q a n y  
Diebold W o  Bc Lock Compmy 
Df ebold hf o 80 h ck Company 
Eleotromo t iva  CorpoPation 
York w e  B Lock Coqw 

[plate Producers) 

- Carnegie-Illinois Steel brporntion 
H e w  Disston & Sons, fnc. 
Republic S t  eel Corporation 

w* 0. OlhFb 
G, W. L, Miller 
!?. 8. Crawfo~d 
A. J, Rayma 
A. It. Abbott 
W, C. MUler 
J, HI Hruska 
We BA Laif 

M o  W, Lightner 
sibley 

E. C* Smith 

American St eel Foundries H, J, Shf f f l i  
Continental 2011 i% Steel Foundry bmpnny B, Gibert 
General Steel  Cnat irys Corporation R. A. Gszelius 
Lebanon Steel Foundry G, 2, % W a f  

rhcoe  k r p o r a t i o n  
Harni s c v e g e r  Corpora+Yion 
Harnischfegor Carporat ion 
Metal B Thermit Corporation 

R D. Thomas, Jr. 
N, F. Barron 
W, V, anew 
J, H, Peppaler 

~fiice, Chief of Ordnaace 
Offioa, Chief of O r h n c e  
Office, Chief of Ordn&4ce @ Office, Chisf oi. Ortinenee 
Office, Chief of Ordnance 



dbardeen Proving h o u n d  
W~tertawn Arsenal 
Watertown Arsenal 
W~tertown Arsenal 
W~tsrtown Arsenal 
W B ~  ertown Arsenal 
Watrrtown Arsenal  
Watertown Arsenal 

4TTIIIDLIICE (cant*) 

FIRST -1.m - 19 December 1940 

(0-rdnance D a m -  tment, U. 9. A. 

Bureau of Ships 
Bureau of Shtps 

H, J. Rouse 
Brig, Gen. R W, Cam 
Lt, COI.. S. 3,  Bitchic  
Lt, C, W, Luedere 
Lt. rJ, A. Matthevs 
&. 8, H, Lester 
Ik, E. L, %eE 
W, 2. Warner 

Lt* C, R. W ~ " t t 8  
C. A, Loamis 



I N D U S r n f i  mnSmATIVSCS 
[Fabricators 

American Car & Foundry Company 
kmerican Car 8~ Foundry Company 
A, 0. Smith krporation 
DfebZd S&e and h& &mpw 
Diebold Safe and Lo& ~orspany 
Eleotromotfva Corporation 
York Safe and Lock kmpw 

e4. V, L. Miller 
W. C. Osha 
J, J. Chyle 
A* L. Abbott 
If. C ,  Miller 
J, H, Hruska 
W. B. Lair 

(Plate Producers) 

Cwnegie-I l l i n o i s  8 tee1 Cd rporat ion C, J ,  Eunter 
brnegie-I1 liaois Steel Carporat ion 5. C. Bibber 
Henry Df satoa  & Sons, Inc. R. Sibley 
Republic Steel Corporation H, Mttmar 
Republic Steel Corporation V, W. tJhitmer 
Republic St  eel Corporation , I. Bower 
Republic S t  eel Corporation EC. C. Smith 

( CRS t ins: ~roduc era) 

American Steel 3"oundriea H. J. S h f f f l i  
Continental Roll a Steel Foundry Company W. B, Libert 
General Steel Castings Corporation R, A, Gezeliue 
L e b w n  Steel Foundry G. Fr  LaWaf  

Arms Corporation R. D, Thamas, Jr. 
&rnischfeger Corporation M, Q. Sedam 
Lincoln Electric knipany C, W. Taylor 
Maurath, Inc. O. A, kurath 
Metal & Thermit . Corporntion J. B. Deppeler 

Office, Chief of Ordnance 
Office, Chief of Ordnance 
Office, Chf ef of Ordnance 
Mfice,  Chiefof  Ordnance 

Col. G. P, JenEce 
fit, P. 3, Atwood. 
Mag* 3. 6. B. QInerney 
Lt. Hrsfner 



SECOBD =NG - 21 J-y 1941 

(Ordnance I)epsrtmen.f;. U, 8.  A. ) 

Aberdeen Prov$ng Ground Lt. Colt J. K. Christmas 
Ab erdeen Prw ing Ground @qt. J .  C. Atkina 
Aberdeen Prwing Ground Lt. W. 8. Reed 
Aberdeen Proving h o u n d  H. J, Rouse 
Bock Islaad Arsenal H. I ,  Ourtis 
Rock $eland dF,senal J. X. Mclbwsll 
Watertown Brae- Lt, Col. S. B. Ritchie 
Watertown Arsenal Lt. N. A, ktthews 
Water town hresml W, L, Warner 
Philetclalphia Ordnaace District J. IJ. b o u n  

Bureau of %ips 
Bureau of  Ships 
~uresu of Ships 

Lt. C. Ii, b t t s  
A. G. Bissell 
C. R. Loomis 



LIST OF AT!FEWWJCIQ 

THIRD m Z N G  - 20 June 1941 

American Car & Foundry Company 
A. 0. Smith Corporation 
Baldwin Locomotive Campany 
Diebold Safe & Lock Company 
mebald S a f e  Lock Company 
York Safe & Lock C o r a p w  

W* C* Qsb 
J. J. Chyle 
A. J, Raymcl 
A, L, Abbatt 
W+ C1 Miller 
W, B, Lair 

Carnsgie-Illinois Steel Corporation C. J. Hunter 
Carnegie-Illinois Steel Corporation L. C, Bibber 
Rbpublic Steel Corporation I* Bower 
Republic Steel Corporation q. C, Smith 
Republic Steel Corporation V. W, 41bOtmer 

( Caa ti= Producer $1 

Bsnerican Steel Poundries 
General Steel Cast inge Corporation 
Lebanon Steel &undrg 

(Electrode Maaufacturerg) 

b c o s  Corporation R. D, Thorned, Jx. 
ATCOB Corporation H, N, B)wertz 
Harsiachf egsr krporatf on W- P, &ery 
Lincoln nec tr ic  Company C. M. Taylor 
Mew m ~ a 4 Y  M, J, Vanbreaer 
Metal & 'Shermit Corporation J. Ha Deppslar 

GOV- ~ ~ S ~ A T ~ E S  
L~F'dnance Department , U* S. A, 

Office, Ohi ef of Ordmnce 
Office, Chief of Ordnance 
Office, Chief of Ordnance 
Aberdeen Proving Ground 
Rock Island B r a e m  
Rock laland Areend 

Watertown Areend  
Water town Aramal  

Col. G. F. Jenks 
Mad. J. E. Mcfnerney 
E. Brooker 
Lt. W, B. Reed 
W, F, Scbmitt 
J, K. McDowell 
Lt. C o l e  S. BI RitchPe 
L*. N* A. Matthews 
W. L. Ikrner 



(Ordnance Dsp~,rtment, U* S. A . )  

Chic- brdqhee Dist r ic t  bj, Em PO b e d  
Clmeland Ordnance Diatrict 1.L Kf rkhoff 
Philadelphia Ordnance Die t rict Fb, $. Jeffries 
Pittsburgh O r h n c e  District &j, G, H. Knode 

General Xlsctric b m p a ~  R. T. Gilletto 



LIST OF A 9 T W W C X  

American Car & Foundry Company 
American Car & Foundry Campmy 
A. 0. Smith Corporation 
Baldwin Locomotive Company 
Breeze Corporation, Inc. 
Diebold Safe & Lock Company 
Piebald Safe & Lo& Company 
Electromotive Corporation 
York Safe Lock kmpsny 

G. L. Miller 
V* C* Olha 
J. J, Chyle 
A. J* Bay= 
Re S. Komarnlta& 
A. L, Abbott 
We C. Millex 
J. H. Hrmska , 

W. B, k I r  

k n e g i e - I l l i n o i l  Steel Corporation La C. BfbWr 
Carmgie-Illinois Steel  Corporation R. B. Cooney 
Wnegie-Ill  in0 is Steel Carparatian M. W, Lightner 
Carnegie-Ill i so i s  Steal Corporation G, 3. Kmble 
Republic Steel Corporation 3. S. h e r b  
Republic Steel Corporation H. D i t t m a r  
Republie S t e e l  Corporation V. :J, Whitmer 

h e r  ican S t  eel Foundries 
Cantiaental Roll & Steel M-mdry Company 
Continental Roll & Steel Foundry Company 
General S t  eel Csg tingo Corporation 
Lebanon Steel Foundry 

Arcos Corporation 
Harnf schf eger Corporation 
Hamiachfsger Corporation 
Lincoln  Zlectric Company 
Lincoln Electrf c Camparg. 
Lincoln Electrf c Company 
Maw bmpaay 
Metal Thsrmft Corporation 

H. 3. ShiPflf 
W, B. Libert 
R. C. Heaslett 
RI A. Geaelius 
a. F. ~ m d g r d  



AT!!ZNIAXCE (oont,) 

DUQKESNE CLUB, PITTSBURGH, P3K!TSnVANfPL 

Office, Chief of Ordll~nce 
Office, Chief of Ordnance 
Office, Chief of ~rdnnnco 
Office, Chief of Ordmce 
Absrdean Proving h o u n d  
Aberdeen Proving Ground 
Bock f sland Arsenal 
Rock Island Arsenal 
Watortown Arsonal 
Watertown Areom 
Watortown Arsenal 
W a t m n  Arsenal 
Detroit  Tank Arsavlal 
Chicago Ordnance DSs trf c t 
Clevelmd Ordnnnc~ District 
Philadelphia ~rdmmce District 
Pittsburgh Ordnwnco Dfatriot 
Pittsburgh Ordnanco District 

Bureau of Ships 
Bureau of Ships 

GUESTS 

British Niaistry of Supply 
John Mohr 

Col. G. F, Jenks 
Lt. Col. F. J. Atwood 
&.j, J, L. Atkins 
3, Brooker 
Lt. Tb, B. Raed 
H, J. Rouse 
'?I. F. Schmitt 
N o  A. CIurtia 
Lt, Col. S. 3. Ritchie 
Lt. N. A. k t thews  
3x. 3. L. Raod 
BP, L. WP-rner 
Lt. Col, $0 W. Rohm 
Lt. Col, F. R, Zlmmermarr 
Capt. C. If. Frmcis 
I f .  J. J s f f r i e s  
Lt. Col. J. L. Guion 
MhJ+ G* K, Knode 

Lt. Comdrr Jb C, Blake 
A. G. Bisse l l  

H. V. G. Higne tt 
a, A. Laudo 



LIST OF ATTENUOXCE 
P 

Meetings of 

SUB wW$I-TTEE ON f13ESI ST_AFCE IVELDIlE. 

Federal &chine & Welder Company B, L. Wise 
General Electr ic  Conpaw R. T. Gilfette 
National Electric Welding Machines Company C, %. Kaunits 
Progressive Welder Company L, Me Benkert 
S w i f t  Electric Welder bmpany A. H. Xtewis 
Taylor-Rlnfield Corporation J. H, Cooper 
Thomsoq-Gibb 3lectric Welding Company W. T. Ober 

GOV3EMDTT REPRXSEFTAT IVXS 
( O r d k c e  Department, b. S. A. ) 

Office, Chief of Ordnance 
Office, Chief of Ordnance 
Ordnance Offf ce, Wright F i e l d  
Rock Island Arsenal 
Watertown &sea&- 
Watertown Arsenal 
Water town drs enal 
Watertown Arsenal 

( 8rmy Air ~orcee)  

Wright Field 
Wright Field 
Wright Field 
Wright Field 

Lt. w. C, OhL 
3, Brooker 
Capt, C. NcInnes 
a. ?q, Marchaat 
Brig. Gen, R W. Case 
Lt, Col. S, B. Ritchie 
Lt. N, A, Matthews 
I?, L, Tfarner 

L. M. Xeefe 
J, A. Lawarre 
C. J, Spere 
R. C. White 



FIF'PW 143EiPLMG - 24 October 1941 

P m  ATmXTTC CLUB, PHII@P,PHU1 P m *  

Americaa Car & P ~ m d r y  COIP~~LIIY 
American C e x  dZ Foundry Conpaw 
A. 0. Smf th Corporation 
Bddwin Lommo tive Company 
Breeze Corporation 
Detroit Tank Ilreond 
Diebold Safe and Lock Company 
3lectromotPve Corporation 
York S a f e  &? bock bmpany 

Cwnegie-Illinois Steol Caryoration 
Henry Dtsston & Sons, Inc. 
Rqublic  Steel Corporation 

G, L. Miller 
w, C. osha 
J, J o  Chyle 
A, J4 Ra3tmd 
R, S. Komsrnitslpr 
1J, 3. ;Slake 
A, Lr Abbott 
J, H, Hsuska 
W. B. Lair 

American Steel Poundriea H, 3, S t r f i f l P  
Con6inental R o l l  & Steal Foundry Company R C. Heaslett 
General Steel Castings Corporation R, A. Gezeliue 
L e b ~ n o n  Stoo l  Foundry F. G, LrandgrsS 

Arc08 coiporat ion 
kraos Carporation 
B~mischfeger Corporation 
Harniechfegar Corporation 
Lincoln Electric Company 
McXw Company 
Maw Company 
Metel & Thormit Corporati on 
Reid-hvery Company 

B. D. momas, Jr* 
H, N, %ertr 
iS. V. %erg 
M, G. S e d m  
B, J- B w e  
M. J. VmIkeser 
C. R, Carla 
J. 9. Deppeler 
~ r .  J, :f. Miller  

Office, Chief of Ordnernce Colt G. F, Jeaka 
Office, Chief of Ordnance kJ. Ju LI Atkine 
Office, Chief of Qrdmnce Lt. A. A. Pnrquotte 
Office, Chfaf o f  Ordnance E, hooker  



(ardn~nce Department, U. S, A.) 

Office, Under Secret- of W a r  
lberdeen Prwing Ground 
Rock: Island Arsenal 
RQek Island Arsenal 
Detroit Tank Arsenal, 
Watertown Arsenal 
Watertown ArsenaJ 
Watertown Arsenal 
Watertoan Arseaal 
Chicago Ordnance D'istrict 
Cleveland Qrdnnnce District 
Philadelphia. Or-ce D P i  tric t 
PPttaburgh Ordnance District 

Bureau of Ships 

Weldfng hmmit tee  
Welding Committee 

Cdi l lnc  Motor Car Dfv. ,WC 
C~di l lac  b t o r  Car DIv. ,GMC 
Eaetman Kod& bmpw 
&stman Kod* C o w  
Fisher Body Diva, GMC 
Ford Motor Coqmny 
Graver Tank ManufakWing Comp~ny 
India- Limestone Corporation 
Linra Locomotive Works 
Pullme,n Standard C a r  bufacturing C o m p s ~  
Pullman Gtmdmd C m  MAnufetcturlng COWW 

Air Reduction Sales b m p ~ ~  
Champion Rivet bmpw 
Linde Air Products C o m p ~ n y  
Linde A h  Pmducte hmga~y 

3. X. Brown 
Lt. Fb. B. Reed 
P* C. Cunnick 
J, K. MeDawell 
Lt, Col. Y. V. Xehm 
Lt. Col. S. B, Ritchfe 
Lt. N. A. Matthews 
3r. 3. L. Reed 
W, L. !Jarnor 
Lt. A. L, wurlack 
Lt, R, W. Jsbmes 
W. To Jeffriesi 
kj. G, H, Knode 

(a. P. a. c. ) 

Dr, R, 31. Abora 
Prof. J o  R, Stitt 

L. A. &nae 
F. M, Pmcha 
A. c. '*&berg 
H. H, Brown 
E. Slederm 
G. Vennerholm 
F, C. Kard~van 
C, T. Ponn 
M. Miller 
W, Boese 
W m  All- 

H. L. Ingram, Jr* 
R. Xick 
P. B, O u t c d t  
J o  Keir 



- 
LIST OF A ~ ~ E  

American Qar & Foundry Company 
American Car & Foundry Company 
American Locomotlve Company 
American Locomotive Company 
A. 0. Smith Corporation 
Baldwin Locomt ive Company 
Baldwin Locoma t ive Company 
Breeze Corporation 
Cadillac Motor Car Division, GMC 
Detroit Esnk Arsena3 
Mebold Safe & Lo& Company 
Diebold Safe & Lock bmgany 
Diebold Safe & Lock Company 
Fisher Body IHv., WC 
Pisher Body Div., GMC 
Ford Motor Company 
Ford Motor Company 
Lima Locomotlve Company 
Pressed Steel C a r  Mfg* Company 
Presaed Steel Car Wgr Compaxpt 
R l l l ~  Std* Car wg. bmpw 
-1- Std. Car  Wg. COww 
Fullman Std. Car Wg. Conpaw 
York Safe b c k  Compcw 

Carnegie-Illino f s Steel Corporation 
&public Steel Corporation 
Republic Steel Corporation 

G, L, Miller 
W, C. osha 
B. s* swan 
C. B. bugsthoth 
J. J* -10 
A. J, wmo 
J. R. Burg 
R. S. Eomarnitsky 
W, S, Jacobs 
Bo Jl Blake 
A, L. Ab'bott 
W. C. Miller 
A. 1. Prick 
3. Bfaderman 
B. J. lianqel 
G. Veansnrbolm 
C. A. EFewmn 
0, B. Schultz 
Em -hy 
L. G, Burtenshaw 
;B, J. Traufman 
A. M, Unger 
W. Boese 
W. 3, Lair 

American Steel Foundries H, J. Sbifflf  
continent& R o l l .  Rnd Steel Foundry GOWW C. K. David 
General Steel Castings Corporation B. 8, bzelfus 
Lebanon Steel l'ouadry H. D. Phlllips 

(nectrode Manufacturers) 

* i r F t e ~ u c t t o n S ~ e s ~ o v p a n y  
A i r  &auction Sales Company 



(Electrode Manufa~,tur~r.~) 

drcos  Corporation 
Champion Rivet Company 
C w i o n  Rivat b-ny 
Crucible Steel C o q ~ . n y  
Crucible Steal Cornpay 
knischfeger Corporation 
Har nischfeger 'Forpopat ion 
Hernischf eger Corporation 
Lincoln mectric Compaq 
Lincoln Bloctric Canpany 
Linde Air Products bmpany 
LOnde hir Pxoduats C o l ~ p a ~  
M c g e p .  CornpPtny 
Mstd & Thsrnit b r p o r ~ t  ion 
Metal & Thornf t Corporation 

R. D. Thamns, Jr. 
T, P. ChpJnpion 
G. L. Y i l l i n s  
C. G, Marritt 
J. n, oooaford 
W. v, Ba9xy 
M. H. Rutishau8er 
G. J. Friebel 
C. N. Tay lo r  
B. J. S-e 
F, G, Outcalt 
8. F. Flood 
M. J. V d k e o e r  
J, H, Deppelar 
D. ZI, Mathias 

Office, Chief of Ordance 
Office, Cbiof of Ordnance 
Office, Chief of Ordnance 
Off Ice,  Chief af Ordmnca 
Offica, Under Secret= of W n r  
Aberdeen ProvSw &round 
hbardoen P r o v i ~ g  @round 
Aberdaan Proving Ground 
Abardoen Provf ng Ground 
Rock Island Areend 
Bock Ieil~-lltt Arsellal 
Detroit Tank Engineering off Pcs 
tkt ertown Arsenal 
1Yatertown A r s e ~ l  
Watertown A r s e d  
Chicago Ordnance D3s trict  
Cleveland Ordnance District 
Cl~velrrnd Orbanco Dietrict 
Detroit Opdnanca mstrf c t  
Detroit 5 ~ d U t . n ~ ~  Diatrict 
PUladelphis Ordnance Dis tr ic t 
Pittsburgh Ordnance Xetriot 

Britieh PuFchesing Cornissfon 
Brf t ish P u r h a i r r g  Comiseion 

001. G. EIL Jenks 
*J. J. H. Prye 
Lt. R, M. Shepherd 
3. Brnok~r 
bid, Dm P* k i l l & r d  
Lt. M. J. Zwaig 
Lt, 1.t. 9. Reed 
Lt. V. C. Pless 
G* H. Oshrg 
H. A. Curtis 
5.  K. McDowell 
Lt. 3. MRuck 
M n j ,  G. L. COX 
Lt. B, A. Matthews 
W. L. Warner 
Lt, A. L* Spurlock 
Lt. Henderson 
J. L. ~ E b e t  
Lt. nag 
Lt, Mullex 
W, J. Jeffriae 

G. H, Enode 



Babeoak W ~ ~ C Q ~ S  C 0 q a ~ y  
Chevrol e t Motor C a r  Div., GMC 
Chicago Srfdge & Iron Comparpr 
Federal Machine 8~ Welder C o q q  
Indiana Limestone Corporation 
I[urtland & Bakar Company 
Libby-Owens-Ford Compmy 
Lib@-Owens-Ford hmpany 
Marmon-Herrington Company 
Marinon-Herrington Company 
RPLnsome Concrete kchinery Company 
Richmond Bngi neer ing Co . , I nc . 
Richmond -3ginesring b, , fne* 
Richmond mineering Co., Inc. 
Ternstedt Mfg, Div., WC 

Alloy Rods Comparly 
American Steel & Wire Company 
American Steel & Wire C o n ' p w  
Arcrods Corporation 
Coast Metals, I n c a  
C ~ e t e t  Motds, Inc. 
Page Steel (% Wire Div., American 
Una Welding, Inc, 

EE, $, Wi1roa 
2. 0. lkixul 
H. C. Bo- 
9. L, Wise 
C. T. Penn 
P. P, %ran 
J, C r o w l e y  
M, ChfstJohn 
B. J, Smith 
L, N, Bow- 
&. Ransome 
T, J, Starke 
4. A. Ado& 
F, Hickman 
A, BPkei 

3. J, 
S. R. 
H* '13. 
J. El. 
M. L 
R. M. 

Chin  Co, J, E. 
Bi -.P. 



LIST OF A!PT3NUNCg 

SECOND MEETING - $3 January 1942 

IMWSTWAL REPRESENTATIVSS 
( 3ouipment Producers) 

F e d ~ ~ a l  Machine & Welder Company B. L. W i ~ e  
General Zlec t r ic  Company R T. Gillette 
Nationel Electric Welding Machines Company C. F. &units 
Progressive Woldar Compnny L. M. Benkert 

CiOmI;Rm R I P r n r n A T I v S  
(Ordnance Dena;r tment, U. S, A. ) 

Office, Chiaf of Ordnaace 
Office, Under Secretary of !far 
Ordnance Off  ice,  Wright Field 
Ordnance Office* Wright YiaLd 
Rock f sland k s e m J  
Watartown kraanal 
Watertown Axsend 
Watertown Arsenal 

JAW Air Forces) 

Wright F i e ld  
Wright Field 

bJ. H. A. mian 
Lt, Col, W* R Slaughter 
Lt, Col. C. B, rQrgan 
C p t ,  C. NcInaes 
D, W. Marcbat 
Major G, L. Cox 
L t i  N. A. Matthews 
W. L, Warner 

J, A, Lawmse 
Bc C, White 

Bureau of  Aeromutics Dr. 1. N+ Zavarlne 

GUESTS 

N~tionsrl Aircraft Stwdnrde Committae 
Csrnegie-Illinof s Steel Corporation 



h a r f  o m  Qp.r Bc Boundry Compw 
heriaan Locorn t l v e  Company 
ilmerican Locomotlve Coqrmy 
A, 6, Smith brporet$on I 

A. 0. Smith Corporation 
A, 0. Smith Corporation 
Baldwin Locomotlve Company 
Baldwin Locono tive Cornpaw 
Breeae Corporatf~n 
CadflLac Motor k r  Div., M C  
kdi l lac  Notar C a r  Dive, GMC 
CBdilloc Motor Car Dfv., GMC 
Chevxol st Motor Car Div , GMC 
Cbsvrolet Motor Car Dfv., QMC 
Cheorolat Motor Car Ev., MAC 
Chevrolet Motor Car Dfv., GMC 
betroit T m k  Arsenal 
Detroit Tank Arsenal 
Detroit Tank &rerenal 
b t r o i t  Tank Arsenal 
Diebold Safe & Lock Cbmpany 
Fisher Tank Div., G14C 
Ford Mo tar Company 
bima Locomotive Coupany 
Marmoa-Herrington Qmpzmy 
Pressed Steel Car mg, Company 
P a l -  S t u d  C ~ F  Wg- COW- 
Richmond Engineering knpany, Inc. 
York SRPe fB Look Company 

G, L, Mtllmr 
H. S. Swam 
q. B e  &Ian 
J. J, Chyle 
F* X* Gsrrrfott a 

L, M. Kertfng 
A* J, 
T, ToBmiru, 
R. S. K o ~ n f  t&y 
L, A, &nse 
W. J. J w k a  
W. P. HilZfngton 
GI Burrowat 
3. 0. Mnnn 
H, R Nidcersgn 
Re J a  'WaB@~bq  
N* J. Blake  
F. fapduocf 
H, W. Lipke 
R. C. MeCleazy 
A, L. Abbott 
E, Biderman 
G. Vennerholm 
01 Bw S c h u l t ~  
B* J* Smith 
G, J o  Liadrotb 
W, Boese 
y .  wickma 
We B, Lair 

(Plate Producers) 

Carnegie-Illinois Steel Corporation L. C, Bibber 
Carnegie-Illinois Steel Corporation R. B. honey 
Carnegie-Illinoia Steel  Corporation C. J. Bunterr 
knagie-IZlfnois  Stea l  Corporation (3, W. Linkhauer 
CarnegirrIll fnois Steel Corporation M, A. Thompson 
Henry Meston & Sonsi, Inca 3. Sibley 
Republic Steel Corporation V. W, Whitmss 

e (Cast ix producers) 

American S t e e l  hmdrtes If, J, S h i f f l i  
Continental R o l l  an4 Steal Foundry C o m p ~  C, K, David 
Lebsraron Steel F o u n m  G. H, Gingrich 

-679- 



. . .  A'P-OE (cant.) 

m T T I I  MEETING - 1 W b h  1942 

(Electrode Manufacturers) 

dfr Reduction Sales b q a ~  
Alloy Rods Company 
Brcos Corpora t ioc  
k c o s  Corporation 
Arerods brporation 
Chaqiap Rivet bmpang 
Coast Metala, fnc. 
Crucible S t  eel Company 
Harnischfeger Corporati on 
hrniochfeger C o m o r ~ t i o n  
Lincoln n e c t r i ~  Company 
Lfnde A i r  Product8 Company 
Linda Air Products Company 
Linde A i r  Products Company 
Ma~~ath, I ~ c *  
Mcllay Coxupaqy 
Hetal & Thermit ksporatfon 
Metal & Thermf t Corporation 
Page Steel & Wire Div, , American Chain Co. 
Reid-Av ery Company 
Uxm Welding, Inc. 
Westinghouse Electric & Mfg. kmpa~ 
Westinghouse mectric & Mfg- C 0 m p e ~  

H. L. Ingram, Jr. 
G, M. Ebbmann 
R, D. ?home, SF. 
H, N, &arts 
E, Be Lutes 
G, L, Witlim 
R, W, b n u m  
J* A* Goodford 
w* v, Emery 
M, H, Rutishauser 
B, J. Bmgga 
J. M e  Keir 
E. D, Morris 
P, G. Outcalt 
G. A. Maurath 
M, J. VanDreser 
3. H, Deppeler 
a, L, Pathias 
J, E, &%MBF 
C, H. Symtngton 
8. P, Tarbell 
C, H, Jennings 
E. H, Turnock 

G O V ~ l W E U T  REPFLE SXBTATXVES 
(Ordnance' Department, U. 8. A. ) 

Office, Chief of Ordnance 
Office, Chief of Ordnance 
Office, Chief of h b ~ c e  
Office, Chfcf of Ordnance 
Office, Chief of Ordnance 
Office, Under Secret~ry of War 
W a r  Production Board 
War Product ion Board 
Aberdeen Provlag Ground 
Aberde@n Proving Ground 
Aberdeen Proving Ground 
Aberdeen Proving  round 
Rock Island Arsenal 
Rock Island Arsenal 
Watertown Arsenal 
Water t o m  Arsenal 
Watertown Arsenal 
Watertown Arseml 
Watertown Arsenal 

Col. Q, F. Jenks 
Mp,j. J. H, Frye 
Em Brooker 
C. Handova 
5,  P, Klinker 
S, A. Richrdson 
J, B, Snyly 
H. L, Whitnq 
Lt. M. Jb Zweig 
Lt. W, B. Reed 
Lt. C. J. Yaeaer 
C* H. OshrJt 
J, K, McDowall 
D. H, r)rary 
hl. H. H, Zornk 
%g, G. L. Cox 
Lt, N, A. Matthews 
W, L, Warner 
P, E. Woodward 



Chicago or&nzmce Illstrict 
Cincinnati Ordnance District 
Cleveland Ordmnca District 

e v e l a d  Ordnance Die t r i c  t 
Detrof t Ordnance DPatrict 
Philadelphi a ardnance District 
Phi lde lphia  Ordnernce Df strict  
Pittsburgh Ordnance Ms trict 

1. 8, &meren 
F. G. Brune 
C~pt, .  W. B. McClelland 
Lt. W. K. Hend~rson 
d. B, Cor- 
W, J, Jeffries 
D, $I. Metzler 
&A, G. H. $node 

Welding hmmittes Prof. J. R. S t i t t  

B r i g s  Mnnufacturing Comg~zny 
Clark Grave Vault Comp~ny 
Clark Grave Vault Company 
Clark Grave V a u l t  Company 
Qnrk Bravo Vault Cowany 
&ere & Company 
General Motors Corporation 
General Motors Corpor~tion 
Benard Motors Corporation 
G e n e r a l  Motors C a ~ o r ~ t f o n  
Int erna t  f o n a l  &mest er Company 
Intern~.t3onal  Hamroster Campnny 
Lehigh Structural Steel bml>aw 
Midland Steol Pmduc t s  Comp~ny 
Terns tedt knufsc  turf q Mv, , GW 
Tsrnatedt bufacturing Diva, GMC 
l arnetedt 1&nufac twin& Div, , GMC 
Terns tadt hufacturf  ng Div., 
Whitehead & Kales 
Yellow Truck & Coach Div., GMC 
Yellow Truck & Coach Piv., GMC 
York Ice Machine Coupany 

W, H, Pierson 
R, C, Boahntce 
A, F. Be& 
H, W, krnsb~v 
V, D. Worth 
C, H. Burgston 
W, 5. Barth 
A, L, Boegebbld 
Be Saith 
C, L. Hacker 
C. A 
T* W* Ibrssoll 
J. M, Schaaffer 
!J, E, Smith 
M, 3. hang,  Jr, 
R. Baker 
C. P, Nixon 
C, F. Taylor 
H. C. Neiteel 
J, M. Dlobold 
It. P* iEddy, Jr. 
3. J. Anderson 

Americsn Steel vire C0-w C. R. - ~ o a ~ ~ e d e l  



&llup Corporation 
H a l l y ~  Corporation 
IIollup Corporation 
Oxweld Railroad Service Company 
General Electric Company 

C. D. Cavanagh 
B.. E. h a g  
B. P, Monroe 
A, A. B a r d  
J. T. Catlett 



LIST Or ATT3EWTCE - 
ETGHlmS I.mT"FfG - 21 June ~ 9 4 2  

HOT= STATLBR, W ~ I T ,  MICHIGAN 

IEJr,USTRIAL BEEBSEKQLTIVES 
(Fabricators) 

American Car b Foundry Company 
American Car 8: Y o u d r y  Company 
American Car & Foutldry Contp~rpr 
American hcomo tive Compay 
A. 0. Smith Carporat ion 
'BaL dwin Lo corn t i v s  Company 
Briggs Manufacturing Compny 
Brigs Manufacturing Company 
Cadfllac Motor Car Div., GMC 
Cad5llac Eio tor  Car Div., WC 
Cadilloc Ma t o r  C a r  Div., GldC 
Chevrolet Motor Car aiv., GMC 
Chevrolet % t o r  Car Div., G-fC 
Chevrolet Motor C a r  Div. , W C  
b e r e  Q Company 
Detroit Tank ArsepEiL 
Detroit Tank Arseml 
De t r a i  t Tar& Arsenal 
Detroit  Tank Amend. 
Diebold Safe & h c k  Company 
Rebold S d s  & Lack Campmy 
Fisher Tank Mv.,  GMC 
Ford Motor Company 
f 1 co Ordnance Company ( Indiana Limestone) 
I l co  Ordnauc e hmpany ( Indiana ~ lmestone)  
Int ermtional %amester Campany 
Lima Locomot i.re Comp,any 
Lima Locomotive Company 
krmon-Herrington Company 
Marmon-Herrington Company 
Midlaaa Stee l  Products Company 
Midland Steel Products Company 
Pullm~a Standard Car bhnufrrcturing Camp~ny 
Pullmm Standard Car &%nufacturing C o m p ~  
Pullman Stm6.md Car bmfscturing Coq- 
Richmond Xngineering Company, Xnc. 
Ternstedt Manufacturing Div., GMC 
Yellow T a c k  & Coach Dfv., GMC 
Yollow Tmck & Coach Div., GMC 
Yel low Truck & Coach Dfq.. , GMC 
York S d e  !: Iock Company 

G. L. Miller 
H. C. Osha 
K. C, Smith 
H, S. Swan 
3. J* Chyle 
A. J* Baym 
W. 9, Pierson 
3'. Kennedy 
L. 11. h s e  
A, A. Weidman 
D, 8. Kelker 
3, 0. Mann 
R. J, fifsterbury 
A. G. Spencer 
C, H. Burgaton 
B, J. Blake 
3. Iekpalucci 
2, X, Reece 
C. C. Crosa 
A. L, Abbo tt 
D. B, Tachudy 
5, Biadermn 
G, Vennerholm 
G. B. laming 
W. v. Bnsrg 
C. D. 
J. W, Kelker 
1, 2, Miller 
B. J. Smith 
2. N, Bowman 
3. A l m & l e  
!f4 E. Smith 
B. J. Trautmn 
W, Boese 
R, R* Brjugh 
P. Bidman 
T. P* &rLm 
3. M. Diebold 
G, C, Fwnsworth 
C. Kecksr 
Y, 3-  h . 1 ~  



ATTlZYRAJXE (coat. ) 

EIGXTH lQZlPI3TG - 23 June 19k! 

(plate Producers 1 

Carnegie-Illinois S t  eel Corporati on 
Henry Disston Sons, Inc. 
Republic Steel Corporation 

L, C. Bibbsr 
R. Sibley 
V, W, Whitmer 

(Castfw Producers) 

American &eel Foundries E. J. Shiffli 

j$lectrode Manufacturers) 

A i r  Reduction Sales  Company $. L. Ingram, Jr, 
Air R e a t i o n  -Sales Company A. IG Yock 
Air Reduction Sales Company C. D. Welcomb 
~ 1 1 0 ~  b a s  company E. J. Brady 
Alloy Rods Company C. H. H o h m a n  
Arcos Corporati on R. D. Thomas, Jr. 
Arcos Corporation H. N. Ewerte 
kcrods  Corporation J. H. Emberstone 
Champion Riv a t  Company R. R Applegate 
Coaat Metals, Inc. C. V. Foerster 
Crucible Steel Company J, A. Goodford 
Harnischf'eger Carporation M, H, Rutlahaustar 
Harniachfeger Corporati on M. Sedam 
k n i s c h f  eger Carporat i o n  G, J. Friebel 
Lincoln mectrf c Company B. J. Brugge 
Lincoln Elec t r ic  -Company C. H. Suckmmter 
Lincoln Electric Company W. R. Persons 
Linde A f r  Products Company F. G. h t c a l t  
Linde Air Produuts Company 3. D, Morris 
Linde Air Products bmpany J, M. Keir 
ftinde Af r Products C o v q v  N. G, Schreiner 
Linde A i r  Products Coqmny W. 3. Miller 
kurath, Inc. G. A, Kiurath 
M ~ K w  b m g s l ~  El. 3. VanDreser 
Metal & Thermit Corporation 3, H. Deppaler 
Metal & Thermit Corporation D. L. Mathiae 
Pago Steel & Wire Div., American Chain &mpsny J. 3, Skinner 
Pnge Steel & Wire Div., llmsrican Ckim Compelny W. H. Bloechar 
Rei d-Avery Company D l r  J. W. Miller 
bid-bvery Company C. H. Symington 
A, 0, Smith Corporation F, 3. Garriot 
A. Q. Splith Corporation 14. M. Millette 
A. 0. Smith Corporatian L. M. K~ating 
Unn Welding, Inc. P. J. Gella 
Westinghouse Dectric & iknufacturing Compaqy C. H. Jennings 
YsstSnghouse Electric & knufacturf qg C o q q  E. H, Turnock 



Office, Chief of Ordnsknce 
Off ice, Chief of Ordnance 
Office, Chief of Ordnance 
Ordnance O f f  i c e ,  Wxight F i e l d  
herdean Proving Ground 
Aberderen Proving Ground 
Rock Island Arsenal 
Rock Islmd Arsenal 
TP& ErgineerEng Off ice-Detroit 
Watertown Arsenal 
watertown k s o n d .  
Watertown &send 
Chicago Ordnance D i s t ~ i c t  
Chi- Orclnance District 
Chicago Ordnance Dietrict 
Cincinnnti Ordnance District 
Cleveland O r h n c  c District 
9etroit Osdn~buce f)iatrPct 
Phil~delphie O x b m  ce Df s tric t 
P i t  tsbutgb O W c o  Dfis trf  c t  
Rochester Ordnance Diatrict 

Lt, Col, J. E. Frye 
Capt. 3. V. Coombe 
3. Brooker 
kJ, C* HGIDL~W 
fit. '1. C. P l e ~ s  
GD H p  Oshw 
J. K, b h w e l l  
D, H, bTury 
Lt, A, 3, ~ Q U C ~ W  
Col. E, B. Zsraig 
C ~ p t *  N r  A, &L thews 
W. L. wmrter 
Lt. A. L. @Inlock 
(3, 94 Mgtnn 
3. S, Hszlslan 
3. G. Fugat~ 
3, J. Kerkhaff 
If, I?, Holdsa 
w. J, Jeffriaa 
Mhj. G, H. b o d e  
crrpt. J. S r  &ing 

{~eadauwters. A. S. F.) 

Steel Brmch 

Philadelphia EJavy Yard 

Burem of Ships 
Burmu of Aeronautics 

l k j .  S, A'. Bf charason 

Lt, Comdr. 0, R. 
Sutherland 

Lt, Corn&. J; C, Blake 
I, N. Znvarlna 

Var Production Board R; Wfl son 

CanRds. Department of Munittons 6 Supply 

Prof, J. R, Stftt 
G. S. Mikhalapov 

Dr. C* !V. h r y  



AT-CE (cont.) 

zrcm m r a c  - 21 J U ~  1942 

Britiesh Armor Hiselon 
Brltieh Armor ,i4iseion 
British Armor Mi ssian 
Brltf sh Armr Mf ssion 

Chain Balt Company 
Yi t zgib'bona Boiler Cowany 
P i t  sgibbons % f ler &-any 
F i t  agibbono Bailer Campany 
Heil Compmy 
Heil Compaqy 
Plymouth Motor C a r  Go., GMC 
Plymouth P% t o r  C a r  Co., GMC 
Flymouth Mot or Cax Ca. , GM(: 
Welding Cornittee, GMC 
Reo 140 tors, Xnc. 
Reo Molars, Tnc; .. . 

(Plate Produaers 

Standard Steel Spring company 
Standard Steel Spring Campany 

Dr. C. J, Dadswell 
M. Brown 
T, R, Middleton 
3. 8. Mort 

E. G. Caspari 
P. E. Hawk 
R A. Parnell 
E. floefer 
C. Hart 
H. French 
f. Burns 
A. Kanner 
Y. H. Allen 
W, L. Barth 
3. J. Miller 
G. Stua r t  

R, S. K o m n i t s w  
H. J* Zoog 

(nectrode Manufacturers 1. 

Oxweld Railroad Service hmpany 3'. C. Haese 
Oxweld Railroad Serwice C o m p w  A, A. Bernard 
Union Carbide & Carbon Sesemch Laboratory E. AL C b p p  

(~asistanee Iqeldim Subcommittee) 

Interxmtiorual Hprves ter Company 
Glenn L. hrtf  n Company 
Progressive Welder Company 
Carne~ie-I l l inois  Steel Corporati on 

F. A, Lae 
P. 9. Morriman 
L, H, Bcnkert 
W, I?. Braender 



HOT% STIIY'LER, D E m I T ,  MICHIGAN 

American Locomotive Company 
Ba;L dwin Locomotive Company 
Cadillac Motor C a r  3iv., GMC 
Cadillac Motor Car Div., GMC 
Chain Belt Company 
Chevrolet Motor Car Div,, GMC 
Chevrolet Motor Car Div,, GP'IC 
Clark Grave Vault Cornpaw 
Clark Grave Vault hmpany 
Qark Grave Vault Compw 
Detroit Tank Arsend 
Detroit Tank Arsenal 
Diebold Safe Lock Company 
Fisher Tank Div., GMC 
Ford Motor Company 
Weil Company 
I lco  Ordnance Cornany 
Ilco Ordnnnce Company 
In te rna t  t o n a l  Harvester Company 
Intermtiomit :%mester hmpe.ny 
Limn Locomotive Compa3y 
LPma Locomotive Company 
bnnorr-Herrhgton Company 
Miilland Steal Products Compa~v 
Pressed Steel  Car hrupnny 
Pressed Steel CEr Compaqv 
Pullman Stand,ard Car %nufactwing Company 
P u l l m  S t ~ n w a  Car Manufacturing Comp~lny 
Richmond Engineering Company, Inc. 
A. 0, Smith Corporation 
Ternstedt &nufacturing Div., GMC 
Ternstedt Manufacturing Div., GMC 
Yellow Truck 82 Coach Div., GMC 
Yel l  ow Trrzck 8 Conch Div. , GMC 
Yellow Truck & Coach Div., GMC 
Yo* Safe & Lock Company 

(Plato Producers) 

Carnegie-Illino is Steel Corporation 
Henry Disston C? Sons, Inca 

H. S* swan 
A, J* WW, 
It. A. Danse 
F. R. Kelker 
R, W, McPherson 
3, 0. kw 
A. G. Spencer 
M, A, Beck 
R, C, Boehake 
V, Worth 
N, J. Blake 
F, fapalucci 
A* L. Abbott 
R. J* Heusel 
(4. Vennerholm 
C, Lbrt 
C, B o  L A ~ S ~ X  
14. V. ~ s y  
C. D m  Evans 
P. A. Lae 
0, '8. Schultz 
We A. Smith 
B, J, Smfth 
W. E o  Smith 
H, C, B m i n  
Go H* Lindroth 
W. M, Bernhmdt 
Yo Boese 
P, Hick- 
J* J. Chyle 
T. P. &ran 
0. G, Lorf 
J, 14. Diebold 
W. P. 'Eddy, Jr. 
C, L. Hscker 
'Wd B, faair 



AT!W!IDWCE (cant. ) 

Rqublio Stoel Corporation 
Standard Steel  bring Campw 
Standerrd S t o d  Spring Company 

( Gas t i n g  producers 

Ilnerimn Steel -Fomdrios H. J. S h i f f l i  

( n ~ c t r o d e  Core .wire Produsere) 

Anorican Steel & Wfro Company C. R brwedol 
Pittsburgh Steel Cow- Dr. S. A. Bralay 
Rustless Iron 8c Steel Corporation F, K. Bloom 
h s t l e s r  Iron & Steel Corporation W. 33, Pierce 
Univered-&clops Steel brpomtion J, 0. Rlnek: 

Air &duction S d o s  Conpaw 
Bir bduction S d e e  Conp~ny 
APOOQ~ Corporation 
hrcor  Corporation 
kcrods hrporation 
kcrode hrporation 
Cbmpion Rivot Compauy 
Capst Metals, Inca 
Crucible Steok Company 
Harnfschfwer Coxporatio'n 
BarnSschfager Corporation 
Harnischfeger Carparatinn 
Zlincoln Electric C o q m y  
L i n b  A i r  Producta Ooqany 
Lindo Air Products Company 
Lf nde A i r  Product a Company 
Linde APr Products Canp~ny 
Linde AZr Products Company 
Lhdq Aii .  Preducts k m p ~ r g y  
Ihux~,th, Inc. 
Maurath, Incr  
wag k v n y  
Metal b Thermit Corporation 
Mote3 d Thernit Cnrporation 
Pergo Steel Wiro Div., American Chain 
Paga Stool & Virrs Div., American Chain 
Page Steol & Wirc Div., American Chain 
Reid-Avery C o n p v  
R~~id-Avarg Company 

He L. 1ng-S Jro 

R. 8. Woods 
R. Dr %mas, Jr* 
H. H. hertz 
J. H, Huroberetone 
F. R, St ra t e  
a P* I f i c k  
C, V. Foerster 
J, A. Goodford 
G, J. Priobel 
M. K. ~ t i a h a s e r  
M* G. Sodam 
B. J. Brugge 
R. F. n o o d  
J, M. Keir 
tt, 3. Miller 
B. D. Morris 
F, G. Outwilt 
H, 5. R n b e ~ t s  
G o  A. kurath 
F o  C* 4Shitmer 
M. J o  VmDraeer 
J. II, Dep-peler 
Dm L, Mathfas 
!V. H, Bleecker 
fJ. G* Hwglaad 
tf. G. Rinehart 
C, He mi~tol~ 
Dr. J* w* Miller 



(Electrode Manufacturers) 

A. 0. Smith Corporation M. Ma Millette 
Una 'Jelding, Inc. P. J. Cella 
Yest inghoue e mectrf c & Manufacturing Company C. Ha Jsanings 

( ~ e s i s  tancs ?hid 3quipment Manufac tursrs) 

Federa3 k c h f  ne & Welder Company 
General meet ric Company 
Propressfve Welder Company 
Progressive Welder Company 
Taylor-Minfield Corporation 
Thornson-Gibb net tsic Welding Conpa~v 

(Aircraft Fabricators) 

Beech Aircraft Corporation 
Boeing Aircraft Company 
3rewster Aero nautica3 Carporat ion 
Brewster Aerorrautloal Corporation 
Consolidated Aircraft corporation 
Curtiss-Wright Corparatfon 
Curtiss-Wright Corporation 
Ihuglas Aircraft Co., Inc. 
Douglas Aircraft Co., Jnc. 
Fleetwings, f nc. 
Lockheed Aircraft Corporation 
Glenn L. Martin Company 
Vega Aircraft Corporation 
Vought-Sfkorsw Af rcrdt  

Ohio S t a t e  Universf ty Reeemch Foundation 
Naval Research Labor~tory 
U, S. Bureau of S t a W d s  

Office, Chief of Ordnance 
Office, Chief of Ordn~nce 
Office, Chief of Ordnance 
Off icc, Chi of of 0 rdnance 
Ordnance Off ice, Ifright Fie ld  
Aberdeen Proving Ground 
Aberdean Proving  round 

B, L. Wise 
R. T. Gil le t te  
Lcl. M. Benkert 
Y. A, Stanley 
J, H, Cooper 
W. T. O'ber 

M, A. Baxrett 
C. P. Kaeble 
C. C, Coaucci 
T. Santore 
J. 3, Madden 
E. S, senkina 
C. E. Tripbach 
H, A. Carhart 
H, f, North 
P. E. Morris 
Dr. M. I a l l e s  
P. H, Merriw 
E. 'R, Siefkin 
3. A. Schnaidex 

Prof, J, R, Stitt 
C. E, J~ckson  
G. A, Ql-fnger 

Lt. Col. J. X. Frye 
MAJ. J. P. Coombe 
Lt. J, F. Randall 
X L, Hollady 
Nij.  CI Mcfnnos 
Lt. Y. C. Pleas  
GI He O~hry  



(Or-ce Dmartmmt, U, S, ' A.) (cont. 

R o e  f @land Arsenal 
Rock Islend Axsend 
T& Enginswing OfficeDetroit 
Watertown & t e n d  
Watertown hxassml 
Wrtterrtown A m e n d  
Watertown Brsern~l 
Chic- Or-nae Distriot 
Chi oago Ordnarnoe District 
Chioago Orchance District 
Cinoinesti Ordnance Distrf c t  
Cinoinmti  Ordnance District 
Cleveland Ordnaac~ District 
htrof  t Ordnance Distrf c t  
DeWNfi Ordmncs Dbtrict 
Datmft ~rclmnce Disbrict 
Detroit Ordnance District 
Datrof t Qr- ~e District 
Detrof f. Ordnaaee Matrict 
Detroit Ordnance District 
Detroit Ordnance Districti 
Philadelphia Ordnance Pis tri c t  
Pittsburgh Ordnance District 
Rocheatex Ordnanca District 

a. H. muy 
3. K* McDowe'11 
Lt. A, F. Batlcher 
Col, H, H. Zoraig 
Lt, Col* G. L. Cox 
Chpt. N. A, kfthews 
W. L, Warner 
A. 3'. %mas 
3. S, %men 
G* T* Maria 
F, w. ,Schmitz 
R. G, Pugate 
E. J. Kerkhoff 
A. P. Ctxpitztni 
W. D, Cattero 
A. Cotton 
M. Pmlong 
B. 33, Holden 
D, S* Levftt 
M. C. Wood 
R* G. H i l l  
U. J, JeffrSes 
kj, G. H. gllade 
H, R. Neuaomb 

Steel B'rwncb w. S. A, Richardson 

(u. S, Navy) 

Bureau of Shfps 
Bureau of Aeromut ics 

Wright Fie ld  
Wright Zield 
Wright Fie ld  
Wright Field 
ldright E'ield 
Wright $ie3d 

War Production Board 
W a r  ProductiOa Boakg 

( ~ r q y  A l r  ~orces) 

Lt, R. 3. Borrman 
Lt* B, H, Mott 
Lt. IJ, C. Norton 
W, P. Braendor 
C, J, spare 
B, C. White 



I 
AT-CE (cant, 

NIWTH WV!PING - 20 Smtembor 1942 

(N. R o  C o  

War Metdlurm Committee 

British Inspecti on Bo-d 
Brit ish Inspaotion B o ~ r d  

General h e x i c a n  Transpart h r p o r n t i o n  
Geqerd lbtors Coqaratiop, Ifelding Committee 
Dominion Foundries 8 Steel Ltd., Cawb 
I n t  arnat ional IhrveG t ar Campmy, Canada 
Ontario Research Foundation, CRnada 



Lmericnn Car Foundry Compaqy ':', C, Osha 
American Locomotive bmpany B, S, Swan 
Zcl-dw~n Locomotive Comp~ny A, Jo Rnym 
C e d i l l ~ c  & t o r  Car Div, , GMC L, A. B n s e  
Chevrolet Motor Car Div,, @!C E. 0, &nn 
De t ro it T ~ n k  Ar s em1 N, J. Blake 
Dlebold SRfe &' Lock Company 8. L, Abbot t 
risher T ~ n k  Div., GMC E, 'Biedermn 
Hel l  Contpp.ny C. k t  
flco ordn~nce hmpaw C. B. Lnnsfng 
In t e rna t  ion& I r , , r ~ e s t a r  Company F. A. Lee 
1nterk::tionKL Hnmester Coqmny C. D. Evans 
Lim Locomoti.re Gompnrry 0, B. S C ~ U I Z  
M~rmon-Herrington Comp~,qy, Inc. 8. J. Smith 
Harmon-Berringtan Conrpnqv, Inc. G, H. Ford 
Micllnnd Steel Products bmp~ny t?, 'E. Smith 
Plymouth Motor C E ~  Company C. C. Cross 
Pressed S t e e l  Car Comp~q; C, K, C~zrter 
P u l l m ~ n  Stnndnrd C R ~  &nuf actwing Comnqy B. J, Trnutman 
Pullmnn Stmddrd h r  knufacturing Coma~<qy 74. Boese 
Richmond. Engineering Come,ny, Inc. P. Hickn9n 
A. 0. Smith Cornorstion J. J, Chvle 
Tarns ted t  Mrnufncturing Dir., GKC T. F. Mown 
n -ernstedt M~nufncturing 31~. , p - C  C;, F, Mixon 
Y-l lo i*  Truck P- Coach Dia. ,  GXC J, M, Diebold 
Yello1.t Truck PC Conch D i ~ r , ,  GKC '.f, Po Zddy, Jr. 
Yellow Truck R: Corzch Div., C)!C C. L, Hecker 
Y o r k  S R ~  e B Lock Compe~y '?. B, Lafr 

Cnrnegie-Il l inois S t a e l  Corpornt ion 
Republic S t ~ e l  Corporc,t ion 
Stmdsrd  Steal Spring Comp~my 
S t n n d ~ r d  Steel Spring Compnny 

L, C, Bihber 
V, V. f:!itmer 
Ro S, Komr-rnitsky 
D. H, E, Genter 

( Casting Froducers) 

Genera  Stezl C ~ ~ s t i ~ s  Corporetion R, Gezelius 
Lebpnon S t o  cl FbUIIdry J, W. Jup~enZatz 



(Clcqt~odo Cora Niro Producers) 

i~llogbony Lud..Lum 8tcol krporntion 
jAllcghony L u d l u n  S t o o l  Cerporntioa 
rb~orimn SGccl & ?lire Conpnny 
Cnrpontor Stos l  krrpmy 
Pittsburgh Stcol  Gar~nqy 
Pittsburgh S t  s o l  C o q a i y  
Unittars91 ChJclopo Stoel Coqmrntfon 

i ~ i r  Reduction S d o s  Carrp?.ny 
Klloy  rod^ Conprsly 
Arcas Carporntion 
hrcn s Corporntinn 
Arcroda krporrstion 
Chmpfon Rfvc t Corrpmy 
Coaat Motds, Inc. 
C~uciblc Stccl Caqnny 
Harnf achf eger Corporation 
.%nf schf eger Coworat ion 
EfolLrq, Corporation 
Bollup Corporation 
Linda Air Prcducta bqwy 
Linde Air Producta Coqmqy 
Lihcoln 3 ectric Company 
b a t h ,  Tnc. 
Maurcth, Inc. 
McP[ey C 0 m - w  
Meta Tbermit Corporntion 
Prigs Steel t% 9ire Div., Amricnn Chain bmpw 
P,?ge Steel & !fire Xv., br ic tm Chain Compw 
P,a,ge Steel +% !'!ire Bv,, b r i c i m  C h i n  Copppqy 
Reid-Avem Co mp,-uly 

A. 0, 8mith Corporntfon 
Unn ?Vel&tn& f nc. 
?festia&ouso aectr ic  & & ~ U f n C t ~ i n &  Oomp~zqy 

H. L. Ingrm, Jrr 
2. J, Brhdy 
R, D, !&oms, Jr. 
fI, I?, 2wartz 
2, R. Strzta 
R P. N i c k  
C, V. Poorstar 
J, A, bodford 
M, H, Rutishauser 
M, G. ~~ 
R, Z. Long 
J, 0. hvaaagh 
3, M, Eeir 
If. 8,  Miller 
B* J, Bmggs 
G, A, hurath 
F, C, Wbitmer 
M. J. VaxiDreser 
3, IT. bppsler 
J. E, &inner 
H, G, Binehnrt 
K. G. Hab?*CET 
Dr. J. Y. Miller 
X, A, S t e i d l  
F, C. Knight 
C, H, Jennings 

Pedord hehino 6: WcTdm Compnzgt B, L, ?fiso 
Gonerd aoctric Coqmny R, T, G i l l c t t o  
&ti onnl Eloc tr i c  !'folding kchincs  bmpcmy C. K. hunitz 
Progrcssivo Voldar bmpnxgr . 14, Lnnthare 
Pmgroasivo %laor C0-w L, M, Bonkort 
T~ylor lfinf i o l d  Coxpoxat i o n  5, H, Coopor 
9~qr10r Winf f c ld  Coxporntion 8, W, gumphray 



TmTH MEBEING - 6 December 1942 

Booing Af rcraf t Corporat ion 
Consolidated Aircraft Corporation 
Curtiss-Wright Corporation 
Curti as-Ifright Corpor~t ion 
Fleetwings, Zncc 
Gruramnr Aircrn . f t  Winearing Corporation 
Grummm Aircraft Engineering Corporation 
Lockheod Alrcraf t, Odmoratioxi 
Glenn L. Martin Comp~ny 

Buick 1.b t o  r Car Iliv., GMC 
Genersl Tlectric  Compsny 
I b t i o n d  k r e ~ u  of Standnrds 
N ~ s l  Rasaq,rch L%bor%tory 
Ohio Stp tl= University 
Rensselr,er Polytechnic Institute 

C. P. Keeble 
J. E. Mdden 
E. S, JenkSns 
C. G e  Trimbacb 
3'. M. Morria 
'I!, 3, Partridge 
G, W, Senner 
Dr. M. Nelles 
D. S* S l l i o t t  

S. H, Spice 
R. N. Clark' 
C, A, EI1Pwar 
C, 3, Jackson 
Prof, J, R. S t i t t  
Prof. W, F, ffess 

Office, Chief of Ordnance 
Office, Chief of Ordnnnce 
Ordmnce Office, Wright Fie ld  
Aberdeon Proving Oround 
Aberdeen Provf ng Ground 
Rock I s l ~ . n d  f ~ r s e n d  
Rock Isl~nd Brsenp.1 
Tnnk-l~utomo t ive  Center,  Detroit  
Tank-z~utodao tive Canter, Detroit 
Tnnk-Automo tive Center, D a t r o i t  
Tank Engineering Off i c e ,  D e t r o i t  
linter town A r s e n ~ l  
W ~ t e r  town lireenal 
Chic~.go Ordnance Distr ict  
Chicwo Ordmnce Distrf c t  
Chicago Ordmnc~ District 
Cincinnati Ordnance District 
C i n c i n m t l  OrdnRnce Dis t r i c t  
Cleveland Orbmce District 
D e t r o i t  0rdm.nce District 
Detroi t  Ordnsnce D i s t r i c t  
Detroit Ordnance n ie t r f  c t  

Lt. Cal. J. W. Frye 
E. 1;. HollELdy 
MRJ.  C. McPnnes' 
Lt. K. C. P l e e s  
Lt. R. E, Seyer 
J, E, Mclhwell 
D* Hb I)rury 
Mhg. J. V. Coombe 
Lt. J.' F, Re.nddl 
Lt. Y, B. Reed 
Lt. dl F. Baucher . 
GOI, H. H, Zornig 
W. L* Warner 
Lt. R J. Domhrow 
G. I. Vann 
C. S. Hansen 
Lt. Col. G, )I, &os 
R. G, Fugete 
S, A. D~niels 
%J, E. Greenbaum 
Lt, D. D. Bowman 
A. Cotton 



( 0 1 ~ n a n ~ c ~  D - w F ~ P I ~ ~ ~  Gr I ( ~ n t *  

PbiTadelphPa ~ ~ c e  ma trict Col. D, N. Hauserrren 
Philadelphia Ordnance Die trict  kj. R. G. Allen 
Phfladalghio Ordnance District Lt. 3, G. Jessen 
Philadelphi a k d ~ a s l ~ s  J S ~ B  tr iet  Lt. M. H. Pattermon 
Philadelphia &dnmcs Dia trict Ha b. Daggers 
Philadelphia Oxdnarrce District R. P, Bsrrfngtoo 
Phlladelphir Ordnance District C, 0. Querrrrsy 
Philadelphia Ordnance District W, T. Jeffrfes 
Phi ladelphla Ordnance Di s tr i o  t G. h z p a w  
Philrdslphia Ordnaaee Dis ts ic t  8, 3. Laue 
Philadelphia Ordnttnee Dis trl c t  W. M. Roberts 
Pittsburgh Ordnance Nalr ic t  &j. H. 'Pa Wvis 
Pittsburgh Ordnsrace Batrict Maj ,  E. H. Enode 
&cheater Ordnsrncs District C, h a b e e n  

Semicee of Supply 
Services of S w l y  

Bureau of Ships 
Bureau of Ships 
Bureau of Aeronautiea 
Bureau of Aeronautics 
Philadelphia Yard 
Naval Oun Factor~y 

Wrfght Fie ld  
Wright Field 
Wright F i e l d  

Steel Branch 
Weld Brauoh 

W e r  htdlurgy bmlt tee 
W a r  Metallurgy Committee 

(U. S, lJawl 

( A m  A i r  ~ o r c e s  ) 

Lt, Col. S. A. Rfchardron. 
Lt. C ~ l r  P, Llewelyn 

Ad (3, Birse l l  
C, A. Loomis 
.Comdr. ETynn 
Lt. ( jg) W. J. Harris, Jr. 
Lt. Comdr. 0, R SutherZaad 
W. Em McKe~sie 

Capt. R. H* Mott 
Lt. R. Em Bowman 
B, C. White 

( W b r  Production Board) 

(B. A, C,) 



!!elding Committee, GEdC W, L. Barth 
iqe1.r Y o ~ k  A i r  Braka Company E. S. Groves 
&minion Foundries 8: Steel, Ltd*, Canada r, Sherman, J r r  
General l k t o r s  of C m - d a  A, Granik 
Xnternntloml Harvester Comp,my, C~mnd-a, E. SOdebothm 
Strnit-trd Steel Spring Cownny I. K. McCTegor 

(bllied Countries) 

~ r q r  Zngiueering Design Branch 
Ontwia Rese;l,rch Fclundxtion 
Ontnrio Resenrch Foundat ion 
B r i t  Psh X i i l i s  tm o f  Supply 
f nspec t ion Bonrd, Unit ed Kingdom B Cnnda 
Inspection Bot?sd, Unit eit Kf ngdom & Cnnndz 
Inspection 3onxd, United Kingdom 8: C-AFJ~LI 

(Rolled Armr Subcommittee) 
, 

Arnnrictul CFX 95 Foundry Coq-.w 
2. C. Atk ins  P:' Company 
C~rnegie- I l l  inois  Steel  Corpor?tion 
Gre,-,t L;.kas S tec l  Corporntfon 
Jones znd L,-.ughlin Steol Cor~orn t ion  



f NJXrSTRIAfr RXPESEtrmATZ'ITES - UYllT3Zl e T 4 T S  
(Tank  F'a'bricatcsre) 

AmerIcan Car & Foundry C o q a n y  
American Locomotive Company 
Baldwin Locomotive Coqany 
Cadillac Motor Cax Div, , H C  
Chain Belt Company 
Chevrolet &tor car Dlv., GNC 
Detroit Tank Arsenal 
Deere & Campany 
Fisher Tnnlr Riv., EM(= 
Hei 'L Compaw 
Ilco Ordnance Company 
In te rmt iom1 liarneetier Company 
I n t e r m t i o  wl &.wester C o q n n y  
Josfyn Mnnuzcturing P: S q p l g  Cornmy 
$oslyn Mraufncturlng 8; Supply C o n p ~ q  
L i m  hcomotive brrgsnrry 
L i m  Lo comot ive Congnqv 
Mmmon-Herrington Gcrpnny, Inc. 
Mid1 St eel Productu Campnny 

York A i r  Br&c Coqr7,ny 
New York Air Br7cko C o m p ~ n y  
Ners York Air B X P ~ R  Campmy 
Press& S t e d  'hr Corrtptmy 
PuL lm,n Stmd.nrd C , v  P h u f n c t ~ i n g  
Richmond Snginaor ing Comp,uly 
Tcrnstedt &mfccturing Dive, @iC 
Tarnstcdt ili?nufncturing giv.,  GiiC 
Y d l o ~  Truck Conch 3)iv, , GI4C 
Y ~ l l o w  T r u c k  & Conch Biv., GNC 

Y, c. dsha 
H, YJ. Swan 
a. J. RaymQ 
L, .& h n s e  
R, !bm McPherson 
G,  burrow^ 
N. J". Blake 
C. Em Burgston 
3, Biederaaa 
C. Hart 
W. Vc %cry 
C. 5). Rnna 
F. A. Lee 
M. dm 3nrry 
L. S. Fry 
0. B, Schultz 
'J, A. Smith 
B, J. Smith 
W. 3. Smith 
3, 3, Dobbs 
3. C, 14creath 
7 
A, S. G ~ V O B  
C. K b  Cnrtcr 
tq, Boese 
P. Hickm~a 
T* P o  Ihrr!! 
C, F. Wixon 
J. bi. Diebold 
W. P. Xd*, Jr. 

Cmnagiz - I l l ino i s  S taa l  Corpor?-tion 
Cnmagic-I l l inois  Stcel hrporntlon 
XcpubLie Stos l  Corparntion 

Y. P, Brncndcr, Jr. 
L. C. Bibbor 
!?. 77. lfhitncr 

; ~ l l c & o ~ v  Ludlw; S t o d  Corporation 
Ancsfcnn Stcc l  !!ire C~fip?rgt  
Carnogio-Xllinois Stao l  Corporat ion 

Pittsburgh St col k n p ~ ~ n y  
R ~ s ~ l c s s  Irozl c?c Stool Corporztfon 

J. R* Ffndlay 
C. B. b r w o d s l  
P. R. Vrqr 
P. Bm Graunwdd 
Dr. S, A. Brdoy  
A. L. Feild 



(Electrode bufaaturersl  

Air bductnon sales Campa9y 
Air Reduction Sales hmpaqy 
Alloy k d s  hmpsw 
Arcoa Corporation 
Arcoa Corporation 
Armads Corporation 
Coast Metals, Inc. 
Crucible Stee l  Consparry 
Harnischfegar Corporatiom 
Hwnischfeger Corporation 
Hollup Corporation 
Hallup Corpornt ion 
Lincoln  Blsctric Coqnny 
Linde Air Products C o w p n ~  
LPnae Air Products Cbmpnny 
h u r a t h ,  Inc. 
bhurr?th, Inc. 
M* Comp2JJy 
Mstd & Thermft Carporntion 
Metd & Thermit Corparntioa 
Pngo SLccl 8: lq!lro Mv., kmericrsn Chin Compaqy 
Peaga StscZ & I f i ~ o  Div., hPbori~hh C h ~ i n  Conparry 
Raid-Avcry Colqp,aay 
&id-Avory COqw 
A, 0, SrniGh Carporntioa 
A, 0 ,  SrnPth Gorporatlon 
Nost inghauao Zloetric & hnuf~~cturing Comp~sly 
Westinghouso moctrf c & h u f n c t u r i n g  C o m p w  

R, L. f warn, Jr. 
A, H. Yoek 
Xw J, 3rdy 

Dm Thomas, Jra 
B. N, &ertx 
F. R. Strate 
C, V. Foerster 
J, A. Ooodford 
M e  H, Rntiehauser 
M. G. Sedam 
3, 0.  Cavana$h 
31, E, Long 
Bo J, Brugga 
3, N, Kelr 
13. 8, Miller 
6, A, N~Urhth 
F, C, Nhitmes 
M. J, VnnJkeser 
J. H, Dnppeler 
13, L, I43thih8 
5. E, Skimer 
d,  0, flinchtart 
Dr. J, I?. Millor 
C, 114 Symington 
M. M, Millotto 
I. n. s t o m  
Cp H. JennPngs 
C, 3. Sthdun 

Fadsrp.3 E&.chinc Woldor Corrpnny 
Bonar~A octr ic  Conphqy 
Progr cssivc Woldcr hmpany 
T~ylor-Ftinfiold Corporc-tion 
Thoneon-Gibb ELoctxic !folding Compnny 

B, L, Visa 
Bo T. G i l l c t t a  
L. M, Bonkcrt 
J. 3, Coopor 
We T, O ~ O X  

Can~olidht cd Aircr~f  t Corporation C, L. Hibort 
Douglrts Aircr,dt Corrphw, Ina. H, 3. Shny 
mectwinga, Inc. C. Orotko 
Gmammm Aircraft Zngincoring Covorntion Q. ?J. Bomcr 
Grummq,n hi rcrd t 3uginccring h r p o ~ ~ t  ion V* I?. Partaidgo 
Vought-Sikorsb, Aircrrvft E, A, Sdmoidor 
Vultoo Afrcrnft, fnc. 6. OmR,zro 
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Dominion Porndries & Steel, Ltd. 
General & b r a  of hmda 
I nternatioud b e s t  er Compag 

General Electric Company 
Buick Motor Div., @4C 
Hatiom1 Bureau of Standards 
Naval Research Laboratory 
Ohio State University 
Rexsss8laer Polytechnic Institute 

F. A. She- 
A. Gra3.li.k 
T, A, Rice 

R. 'if. Clark 
S. M. Spice . 
G, A. ELLfnger 
C. E. Jackson 
Prof. J. R, S t i t t  
Prof. If. 3'. Eess 

GOV- R E P l Z 3 ~ U T I ~ S  c U1JITZD STATXS 
(Ordnance wartmat, U. SY A. ) 

Office, Chief of Ordnance 
Office, Chief of Ordnance 
Office, Chief of C r h n c e  
Office, Chief of Ordnance 
Or&ance Off f ce, Wright Field 
Aberdaen Proving Ground 
Aberdeen Proving Cround 
Back Island Arsenal 
Tank-Automot ive Center, h t r o i t  
Tank-Automotivs Center, Detroit 
Trtnk-AutomoLive Center, Detroit 
liatcrtown Arsenal 
Watertow Assem1 
Watertown krs enal 
Chicmgo Ordnance Dia trict 
Chicago Ordnance District 
Cincinneti O r h n c e  District 
Cincinnati Ordnance District 
Cleveland Ordnance D i s  tr f c t  
Cleveland ~idnnnce District 
Clevolaad Ordnance Dist r ic t  
Cleveland Orbanco District 
Detroit Ordnance District 
Philadelphia Ordnance Distr ict  
Pittsburgh O r h w c e  District 
Rochester Ordnance District 
Rochester Ordnnnco District 

Col. G. E, Haable 
Capt. L!v &cFayden 
Cnnt. C, X. &ewes 
E o  W, White 
LW. C. 94ef mes 
Lt. 'V, C, Pless 
Lt* 3, J, Roth 
J. K. McDowel1 
bfnj. J, V, bornbe 
Lt. J. F o  
Lt. A. P. Bouchor 
CaL, E. H. Zornfg 
'J. L. Warner 
?. 3, ~ ' ~ o o ~ w E w . ~  
2. S. &son 
M. P. Christensen 
Lt. Col. Gr M a  310s 
X -%ate 
E. J, Kerkhff 
G. =. BTgot 
S, 11. h i o l s  
14. R. Glickman 
A. Cotton 
W, J, Joffrfes 
MZiJ'. H* G. Gamic 
C. 3, Prazer 
G, J. Ivhcbeen 

@ (~eadouerrters, Axmy Samico ~ o r c e s )  

Services of Supply Zt, Col. S. k, Richardson 
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Bureau of Aeronautics ~ t .  (jg) W. JI Barria, 3r. 
Bureau of Aemwtics B. A. Korrhuser 
Bureau of Ships C. A, Loomis 
Naval Gwr Factom Lt, Comdr. TI S. Nwton 
Naval Gun FscMry W. E, McKenzie 
Phfladelphia Navy Yard ~ t ,  Coma,  0. R. Sukherlmd 

Philadelphia Haw Yard 3, E, McCambridga 

( A m  Atr Forces) 

Wright Fie ld  
Wright F ie ld  

Lt. R, 3. SO- 
B. C, White 

( W a r  Pro duct ion Board) 

Me t ds Consernation Branch 
Weld Equipment Branch 
Weld Equipmeht Branch 

(EJational Research C o e c i l )  

War Metallurgy Cornittee 
tJar btalluxw Committee 

British Ministry of %ply 0, 13. Pindon 
Inspection Boerrd, United Kingdom and Canada Col. H. 8. %are 
Inrpsction Board, united Kingdom and ~anada J. A, Baleom 

GUESTS - 
Bab cock & W i l  cox, Co~any 
Briggs  Manufacturing C o m g e ~  
Brig- Manufacturing Compargt 
Combus t ion &giwer ing C o m p ~ ,  Incm 
U, S, Steel Corporation 

H. K. Kerf 
E, 0, k u r t m c h e  
H. T, Plats 
E, C, ChRpman 
Dr. E. S. Wenport, 

(Weld ~ i a i s o a )  
(Cast Armor Subcommittee) 

Kelaey EIeyeb Reel Corporation T. Veidig 

(Rolled Armor Subcommi ttee.1 

E, C, Atkins & bmpcq R, L, Fitasimmans 
OsrnegS-Ill imis Steel brporat ion C, 3. Hunter 



AT'EWDAN~ (coat.) 

S-TH W I N G  - 6 F e b p a ~  1943 

Great Lakes Steel Corporntion 
Jeseop S t o e l  Compe.ny 
Jones & Xlnughlin Steel Corparntfon 

C. L, Altonburger 
A. B. Cooper 
W. 9, Qetty 



LIST OF AT'PENBUCB: 

TWEGFtH MEETING - 5 June 3.947 

P w  HOUSE, CHICAW, ILLINOIS 

XmS?eRIAL W R E m A T I m  - -WIm STATES 
(Tank Fabxic@ors) 

American Cax & F o u d q  C o w  
American Locomo tivo %nipany 
American Locomttvo Company 
Baldwin Locomotive Oourpany 
Breeze &rpoxstion, Inc. 
Breeze Corporation, Inc. 
Briggs Manufacturing Company 
Cadillac &tor Gar JXvm, GMC 
k i n  Bolt  Company 
Chovrolet Motor C a r  Dfv., WC 
Detroit Tank llrsensZ 
%ere Campany 
Diebold & d o  & Lock hmp~ay 
Fisher T a n k  Dive, GMC 
Fit zgibbans B o i l e r  Wo*s 
Fit sgibbona Boiler h r k s  
Ford Motor Company 
Hai l  Company 
Ilco orananco compmy 
Ilco Ordnance bmpany 
I n t e r n a t i o n a l  Harvester Coqany 
International Hamester Company 
Lima Locomotive Company 
hmon-Herrington Coqsny, Inc. 
Midland S t  aal Praduc t s  Company 
New York A i r  Brake Company 
Plymuth Motor Car Clampany 
Presaed Steel Car kmpany 
PuLlnan Standard Car &nufacturing Company 
Reo Mators,  I n c r  
Richmond Engineering Company 
Ternstedt Manufacturing Div., WC 
Ternstedt Manufaatwring Dive, GMC 
Yellow Truck & Coach Pfv., GMC 

W. C. O a k  
H. We Swm 
3. 3. Edwmds 
A* J. k p o  
ti* f , m o s y ~  
LA Rrusovslqy 
E. 01 Cuuyterewcbe 
L, A, DAqse 
R, W, Mcmerson 
Em 0, Mann 
rJ, J, B$&e 
C, H, Bwgston 
A, L, 4bbot2 
E, 3% sde- 
3. D, ktnrmn 
E, Hosfer 
G, Vennerholm 
c, Bart 
C o  B, Lansing 
W. P, a e r y  
C, P, %as 
F. A. Leo 
0 , B .  S c ~ t z  
B, J." Smith 
Wb 2, Smith 
5, F, Dobbs 
C; C, Crass 
C. If. Carter 
W, Boess 
J, J. Miller 
P, Hicknan 
C, F. Nixon 
& Baker 
J. H, Diebold 

(Plate Psoducora) 

American Rolling lJIi11 Company A. 3, Taylor 
hrnegie-Illinois Steel  Corporation !V. P. Braendsr, Jr. 
Republic Steal Corporation T, Lichtenwalta~ 
Standard Steel Spring Compw R, S, Kommnitslqr 

D, H. E. Genter 



TWELFTH MEETING - 5 June 1943 

Continental R o l l  Steel Foundry bmpany If. 8. Libert 
General Steel Castings Corporatien B, A. Gezeliue 

Allegheny Ludlum Steel brporat ion  
American Steel 8D Wire Company 
Pi tt'Bburgh Steel Company 
Rustless Iran & Steel Corporation 
k e t l e s s  Iron & Steel Corporation 

Air Reduction Sales Company 
Sir Reduction Sales Company 
k c o s  Corporation 
Brcos Corporati on 
Brcrods Corporation 
Coast Metale, Inc. 
Crucible Steel brqpaay 
Crucible steel Compaay 
Harnfschfeger Corporation 
Linde A i r  Products Company 
Linde A i r  Products Company 
bwath, Inc* 
Maureth, Inch 
Mcffey Company 
Metal & Thormft Corporation 
Metal & Thermiit Corporation 
Page Steel & Wird D i v e ,  hmoricrtn Chain Co. 
Page Steal 8: Wire Div,, -4rne~ica.n Chain Co, 
Reid-Avery Company 
A. 0. Smith Corporation 
Uaa Ifelding, Inc, 
Westinghouse mectric & knufacturing company 

J, K. Findley 
C. T. Gilchrist 
Dr. S, A, Braley 
A, L. Psi ld 
W. B. Pieroe 

3. L. f =am, Jr. 
A. H. Yack 
B. Dm Thome, Jr. 
R. N, & e r t ~  
E. Lutes 
C. V. Fosrster 
C, G, Merritt 
J. A. Goodford 
M. G, Sedam 
J. M, Xeir 
W. 3. Mfllor 
G. A. kurath 
7, C. l*l,tme~ 
W. J. VanDreser 
J, H. Deppeler 
D, It. kthfas  
J. Xp Skinner 
V. G. Rinehart 
Dr. J. If, Miller 
ih. K. Blanchard 
F. C, Knight 
C. H. Jennings 

( b s i s  t a m e  Weld Ectuiprnont Marnufac turers) 

Federal k c h i n o  & Welder Company B. L. Wise 
General Eleotric Company R, T, Gillettc 
National Xlectric Welding Machines C o q q  C. F. Knmitz 
Progressive welder Company L. M, Benkert 
Progreesive Welder Company G. H, Schliecker 
Taylor-Winfield Corporation J, H. Cooper 



B ~ e c h  Aircrnf t Corporation 
Booing Aircraft Compaq  
'Douglas Ajlrcrpft Cornposy 
GTumman Aircrd t $ngiaeering Corporntion 
Grumaan Aircrd t Zn&nooring Corporation 
Lockheed Aircraft Colporat i an 
Glenn L. &tin Cornpaw 
Vought-Sikorsky Air craft 

H, Rawdon 
C, P, Kmble 
H. 3. North 
0. w, Bemiex 
W, F, PartriQo 
Dr. Ms Nollos 
L. B ~ r r e t t  
3.. A. Schneidar 

Generd Motors of Can&& A. Grm* 
Intarnational k v o s t e r  Compnny of Calada T. A. Rice 

Buick Motor BIT. , GMC 
Navd Raaor.rch Laboratory 
Renaselaar Polytechnic Ins titut o 
Tnylor-Winfiold Corporati or 

Sc M. Spice 
C. 3. Jackson 
Prof. W. B'. Base 
001. G. F, Je,%s 

(O~dnance &par tmcnt , U. S. A, ) 

Office, Chief of ~rdnnnco 
Offlce, Chief of Ordnance 
Office, Ohief of ~rdnancs 
Ordnance Off ice, Wright Field 
Ordnmco Offico, Wright p i  old 
rlberdeen Proving bround 
Rock Island ~ l r s o n d  
Tnldc-Automotive Center, Dotroit 
Tank-Automo t ivu Cent or, Do t r o  it 
T~.rzk-Automotive Center, D e t r o i t  
?Intertown A r s o n ~ l  
latertown Arsend 
':latartown Arsend  
Chicngo Ordnnnce District 
Chicngo Ordtlr=uca District 
Chicago 0rd::pace Pis  tric t 
Chicago Ordxance Dio trict 
Chicago Ornuonce District 
Ckicngo Ordaznca District 
Chicago Ordl~m-ce District 
Cinc iamt i  Ordnance District @ Cincinmti  O-.nce Distr ict  
Clevolnnd O r h n c o  M s t r i c t  
D o t r o i t  Ordnance District 

fbjr C. X. Prewes 
C a t .  M. &Qqydan 
Capt. J. W. Campbell 
kj. C. McInncs 
Mjnj. W. M. M a p  
~ t .  w, e. P ~ ~ S S  

J, K. McIbwoLl 
k p t ,  J, F. Randdl  
Lt, A. F. Bouchzr 
3, N. FOnistmn 
Col. 8. H a  Zornig 
We L. W n a r  
P. 0. Woodw~xd 
C~yt. S. C. Massari 
C-t. E. C. Bauor, Jr. 
C. 1;. Boucau 
E. S. Hanson 
L. 11. HnllebrWs 
W. I), Snders 
A. C. Mnson 
Lt. Cn1. G .  M, Enos 
R Fugate 
Cwt. M, K, Henderson 
A, Cot ton  



(Ordmmoe kmtnsnt .  .U. a, *.? (cant.) 

Philadelphia O r b c e  Df strict 
Pitt~burgh Ordnance District 
Pittsburgh Qrdmnce District 
Rochesrter Ordnanoe D i s  triot 
Rochester Ordnmnca District 

W. J, Jeffriem 
Maj. G, H., Enode 
Maj* H, G. Garvis 
J. 0. Caoney 
C. E. tkoQaeen 

(Headquarters& llrw Service ~osces )  

Semices of Supply Lt,, Cbl. S. A, Richardson 

Bureau of Aerowtica 
Bureau of Aeronauticg 
Burwu of Ships 
Bureau of Ship 
Naval Gun rectory 

Factory 
Philadelphia Navy Yard 

Wright F i e l d  
Wright Bie ld  
hight F i e l d  

% t a l  Cansexvat ion Branch 
Weld Iquipment Bran& 
We1 d Equipment Branch 

Lt, W. J, h r i s ,  Jr. 
B. & Kornhatxser 
A, G, B i s a e l l  
C, A, Loomis 
Lt. Oomdr. W, 8. 
W, X, IdeKenzfe 
Lt, Coin&, 0. k Sutherland 

(Wax  Production Board) 

(National Research kun~'i1) 

War &tdlurgy Committee J. K, Hwnberstone 

Inspea ti an Board, United Kiwd~sr A C a n a d a  Gal, H. G. &are 
Inspection Board, United Kingdarn 8~ k m d a  J. A. Balcom 

General &tors Corporation 
Oxweld R.% Equipment Cornpaw 

W, L. Barth 
A. A. Bernard 



American Cw Y o u n G ~  CQWW 
Jonae & Lwgiilin Steel. CoTpdration 
Kolsey b y e s  theel Corporatian 



1WDVS"IIRIAL R3EplBKENTATIVm - UNITED .)!CAT= 
(Tank F a k P k t o x a )  

American Locarno t ive Company 
Baldwin Lo corn tive C d m p s ~  
Breeze Corporation 
Cadillac Motor Car Div., GMC 
Cadillac &I tor Crtr Div,, GMC 
Chevrolat Motor C m  Div., GMC 
Chevrolet Motor Car Div., 
Detroit Tank Arsenal 
Fisher Tank DiP. , 
Heil F o m p ~  
Ilco Ordnance bmpq 
Int arnatiqnd Harvester Company 
Intarnat ion& Hmveeter kmpw 
Lima Locomotiue Coqw 
Lima Looomtive Conpaw 
Midland Steel ?roducts C o q ~ z p r  
New Yo* Air Brake Coqnxry 
Plymouth Motor Ca Coqany 
Pressed Steel C a r  b m p ~  
Fullmnn Std. C a r  W u f ~ c t u r i ~  kqaw 
Pull- Std, dm ktrP~cturing C0-W 
A. 0. Smith Corporation 
Tsrastedt ManuSacturf ng Div., GMC 
Terns t eat Menufadwing Div , ".E 
U, S. Spring b B-ar Company 
Yellow Truck & Coach Piv.,  Gm 

(Plate Producora) 

American Roll ing M i l l  Comp~lny 
Carnagre-Illino f s Steel Corporation 
Republic Steel hrporatiaa 
Stcnd~rd  Steel Spring Comp~qv 

H, S. ~wan 
A. J, % g m  
w.. Semelly= 
L, A. k n e e  
C, 3. McCormick 
G, BUTTQWS 
E. 6. Mann 
Nw J, Blake 
2. B i e d e r w  
C. Hart 
c* 3. h l ~ i ~  
C, . D, *slat3 
3, A, -Lee , 

B, 6. h h o p  
0. 8, Schultm . 
1. B, Smf th  
a* .I?. lbbbs 
C.. .C. cmss 
C.-.X. .Carter 
f3, iJ, -Trautman 
W,. Boise 
J, .J, Chyle 
R, ,.9&er 
C. F, Wixon 
E, Brooker 
J, M. Diebold 

(neckrode Cora Wire Produwre) 

Allegheny Luaum S t a e l  Corporation 
Allegheny Ludlum Steel hrpomtion 
American Stoe l  & Wire Comprtny 
Pittsburgh Stea l  C0npp.w 

J. K, Findley 
5, H,. Kumer 
G. R Holwedcl 
&. S. A, Srdey , 



Air Reduction S d e s  Company 
Alloy Rods ~orapany 
A r c o ~  Corpor~~tian 
&COB b r p o r a t i o n  
Coast Metals, Inc. 
Crucible S t  scl Compaw 
Crucible Steel Company 
Harnischfegcrr Corporation 
Lindo Air Products hqan , ,  
Maur~th, fnc. 
k m t h ,  Inc. 
Mctal B Themit Corporation 
Page Steel & f?lro Div,, Amoric~n Chain Cor 
Page Steol & Viro Dive , Americnn Chin (30. 
bid-Avory C o q d n y  
A.0, Snf th Corporation 
Una Walding, Irc. 

H, L, Ingram, Jr. 
X, J. Br,?dy 
Re D. Thonzs, Jr. 
H. N, %ertz 
C. Y, Poorster 
C. G, Marritt 
J, A. Goodford 
PI. G. Sodarn 
W, B, 1.1illor 
G. A. Maurnth 
F, C. laitner 
J. H, Deppalar 
3, E, Skinnar 
W. G. Rinohrt 
Dr, J, W, f4 l l lar  
Dr. M. R, Blanchard 
F, C, Knight 

(Resio t m c o  Weld 30ufpmcnt Manufacturers 

Boderal &chine & Weldor Coqany 
General Stectric Cowany 
Prograssi w Idoldor Comprtw 
SciPlty Bro tbrs, 
Taylor-Winfiold Corporat ion 
Thonaon-QSbb noc tr i c  Welding Company 

3, L. Hfsa 
R. T. G i l l s t t o  
L. M, Benlwrt 
N. Sciaky 
J, H, Cnnpcr 
W, T. Ober 

(~ircrrtf t Fob r i ca to r  s ) 

Boeing  Aircraft  Coqany C. P, Keeblo 
heotwinga,  Inc, F, M. l'Iorris 
G m  Aircraft Enginearing Corporat ion G. W. Bennor 
G r u - ~  Aircraft Znginaoring Corporation Ii, 2'. Petridgo 
Glenn L. Martin kmpany W, G, Gqy 
Vowht Sikorsky Aircraft X, A. Schnaider 

Dominion Fouadries 8: Steal ,  Ltdr 
General Motors  o f  C~lada, Ltd- 

Buick & t o r  Nv.,  GMC 
Combust is n Enginear ing Company 
General Doctric Oonpany 
Los Angeles, C d i f  ornia 
Natfnrd Bureau of Standards 



Naval Besamch Labozsto~g C. E, Jadc~on 
basselaer Polyt schnic Institute Prof. y o  F, Eess 
U. S. Steel Gorp. %soarch Laboratory Dr. R. H. Abra 

GO- mBBSl%TATIVZS - mITD ST&13GS 
(Ordnance kaxtment. U. S. 8. )  

Office, Chicf of drdnance 
Off ice, Chief of Ordnance 
Office, Chief of Ordnance 
Office, Chiof of Ordnance 
Office, Chief of h l m - i c e  
Ordnance Office, Wright y ie ld  
Ordwnce Off ico, Wright Field 
Aberdeen Proving Ground 
Aberdeon Proving Ground 
Rock Island Areenal 
Tank.hutomo t i ~ o  Center, Detroi t  
T~nk-Au tamot  ive Centor, De t r n  i t 
Tenk-Aut~motive Center, Detmit 
Tank-Autom~ tivo Center, % t r o i  t 
Watertown Arsenal 
Watertown Arseaal 
Water town Aresnal 
Chfcago Ordnance District 
Chicaga Ordnance District 
Cincinnati Ordnance District 
Cincinnati O r b n c e  District 
Cincinnati Ordnance District 
Cincinnati Ordnance District 
Detrdit Ordnance District 
Philadelphia Ordnance District 
Pittsburgh Ordnance District 
Rochester Ordnance Df  strict 
Rochasfer Ordnance District 
Rochester Ordnance District 

Col, G. 3. Enable 
Mnj. C. 3. 'Drewas 
Cep t . W. kc-dea 
C q t ,  J. W, ~aarpbell 
Lt, L. J. Cogan 
Lt. Col, C, Mcfnaea 
Maj. W. M a  m a p  
Cape, EI. C, Thobsn 
Cp.pt. W. C* Pless 
J, K. McDowell 
w. D. C. Pippel 
C ~ p t ,  J, 2. baa11 
Capt, A, F. Boucher 
Lt. J, J. Matt 
dal .  H. 8. Zornig 
W, L. Warner 
P. Eo Wnodward 
C. Boucon 
A. ED &son 
Lt. C o l e  G, Enos 
J* 9. brphy 
G. J o  Rigot 
W, 2, Baker 
A. Capitapi 
W. J. Jeffries 
MaJ. O, II. Knode 
C. E, Maeween 
P. F. Miner 
S. F. Ce=rLin 

(He%duu~ters, Arm Service Xorcea) 

Services of Supply , Zt. Col. S, A. Richwrdsoa 

Bureau of Aeronautics 
Bureau of  Ships 
Bureauof Ships 
Naval Gun Factory 

Lt. (jg) R X, Brown 
A, G, Bissell  
C. A. Loomis 
W, E. McRenzie 



TffIBTXERW ME)XEIIJO - ,7 October 194'1 

Philadelphia Navy Yaxd Comdr. 0. R. Sutherland 

Wright 3'ield Capt,  Re H d  Mott 
Wright Pield Capt .  R. 3 r  B o m n  
Wright B i e l d  Lt, J. Koss 
Vright Bield B. C. White 

(War Produe t i on  Board) 

Steel Branch 
Iquipment Branch 

War Metallurgy Committee 
War Met all u r a  Cornmi t tee 

( ~ a t i o n d  Research Council) 

British Supply Mission G, B, Findon 
Inspection Board, United K i n g d o m  & Canada Col, H. G. Home 
Inspection Bomd, United Kingdom & Canada J. A. Balcom 

British Supply Miseion E. Pa S, Gardner 
British Supply Mis a f  on H, W. G. Hignott 
hssery-HRrria Comparg C I  3. Krause 

(Weld Liaison)* 
(Rolled Armor ~ubcorqmittsc) 

k n e g i e f  l l i n o i s  Steol Corporation 
Jsseop Steel Compaay 
Jones BD LaugUin Steel Corporetion 

( Cast Armor ~ubcommi t t e e )  

gelsey-&yes Wheel Corporation 
Symington-Could Corporation 

C. J. Hunter 
A. B. Cooper 
W. P. Getty 

T. 'k id ig  
W, 3. Phillips 



ROLLED ARMOR SUBCOMMI!WEB 

INIXJSTRUL IEPRESENUTIV3S 
(~ircraf t Fabricators ) 

Conarrl f dnted V u l  tee Aircraft dorporation J. 3. Madam 
huglns Aircraft b r p o r a t i o n  0. P. Harmran 
Glenn Lo Martin Campew W. G. 

Allegheny Ludlum Steel Corporathn L. . F. Lippart 
Amoricen Rolling M i l l  A, 3. Twlor 
Jonas & Laughlib Steel  Corporatfon w, Po Qetty 
Republic Steel Corporation H. Dittmerf  
Youngstown Sheet di Tube b q n y  Q. A. Rei-dt 

(plate Producers and Fabri~~tors) 

Broezc Corporation, Inc. 
Detroit Miahigsn Stove Company 
Piebold, Inca 
Henry Dieaton & Sons 
Reading Hhl-dme Corporation 
Sirnonds Saw d Steel hmparry 
UI So Spring & Bumper Campaw 
Van l b r n  I r o n  Vorks 

W. Semenyna 
E. F. Gehrig 
A. L. Abbott 
B. Siblsy 
R. J ,  Sullivan 
H. A. Pavitt 
1. Brooker 
E, tf. Kronbach 

GO- m R E ~ T I V E S  
(Ordnance Department, U.. S. A, ) 

Off iaa, Chief of Ordnance 
Office, Chief of ordnance 
Off ice, Chief of Ordnance-&fro i t  
Off ice, Chief of Ordrsanc-Detrof t 
Ordnance Off ice, Wright Ffeld 
Aberdeen Proving Ground 
Watertown Arsenal 
Wat ertpwn Arsenal 

Capt, J, Y. Campbell 
R, A. Webstcr 
Captr A, F, Boucher 
Lt+ E. 3, Bower 
&j, If. M. Dutllap 
Cnnt. W. C. mess 
Col. H, H. Zornlg 
W. L. &ner 



Cincf nnati Ordnance District 
Loe Angolee Proof l k g e  

Wright Bfeld 
Wright Field 
Wright Bi.eld.  
Yright Field 

National Rosearch Council 
Nat i o d  Rssear ch Council 
N&t iaml RQs earch C o ~ c f  1 

( A m  Af  r Forces) 

kj. H. 0. b a n  
Mhjm El, 9. Mott 
C q t .  R* 3. Bowman 
Lt. J. Koss 

J. H. Hunhesstona 
3. x. Zoog 
Prof. W, E ' m  HBSS 



HOT= C b l V U J D ,  CLTELK'D, OHIO 

IFDUSTRIAL RXPRESEfTlATIVES - UNITED STATES 
( T m k  Fabricators) 

American Lo como t ive C o m p a n y  
American Locomotive Company 
3aldtrin Lo'condt ive  Company 
Breeae Covora t ion  
Breeze Corporation 
3riggs bluf ac tur ing  Conpaqr 
Cadillac iJlotor Car 3iv . ,  GbIC 
Gadillac i io t  o r  Car niv. , GHG 
Chicago Vitreous %me1 Products Compnw 
Chicngo "itreous kwel Prociucts Comgr,n:r 
getroit T m k  A r s e i ~ ~ a l  
Detroit  T F ~ C  Arsew1 
I!Q t ro it IT,& Srsen,-l 
Diabold, Incs  
zi s her T?,nk Div,, I X C  
Genard  American Tmnspor tn t ion Corpora t ion  
General i laericna Transpor tat i on  Corpor,-,tion 
Gan,?r,l,L ~ ~ r n c r i c m  Trcnsportntion Coryortstion 
Gsnerp.1 140 t a r s  C o q o r n t  ion  
Gr~nd w i d s  Stmping giv., Fishsr Body 
Hcj-1 G o q n n y  
In to rn~ , t ion13  H~rvostcr Coq5.ny 
In t ,~ rmt iq~~ , l  Enrvastcr Compn~y 
Limr? Locomo t ivc Coqtl,ny 
Lim:?. Lo cono t ivc Coqnny 
;:In a s c>:r-IIar r i  s Co inp~ny 
i)iidl<md Staol Prod~~ct s  Corupnn~. 
Plymouth bio tor  C?.x Cor?p~._n3r 
Prssszd S t u c l  Cr? r  C O F J P . ~ ~  
Tcrnstodt iili:?,:nufzcturi:ig Div., GMC 
Tcrns t cat E1i~r1ulnc tur ing Div. , GMC . - 
Union I4ct.y.l $L?.nufacturi- C o - q a ~  
Pollow Truck 6: Coxh Div., GMC 

J, P, %anaden 
E, S. Swan 
A d  J* 33Jrrna 
11, Semeqjna. 
21. Hmsovsky 
J. A. Hipfal 
C ,  2. tMcCormick 
J. kssler  
J o  Tuclcer 
3, 3. Howe 
N, J. 3lnke 
3. C* &at 
F. Inynlucci 
A. L. A b b t t  
3, Siedermnn 
E* C. 3ag?,r 
9, PL, Smith 
L. G. 3ertenshw 
L. A. &nse 
V. 3. Holm~s 
C, Hnrt 
G. 9. ?mans 
8, i ~ .  Lo2 
3, Q. aishop 
0. 3, S c h d t z  
A, '?, Rubbard 
T?. 2. Smith 
C. C. cross 
MA Gri f f i th  
R. 3-kor 

+ C. 3'. LTixon 
7 A. P o t ~ r s  

J. 1.1. 3iabold 

* 
im r i c a n  Rollifig :!iill Caqnw ii, .A, Tnylor 
Grrncgic-f l l i n o i s  S t z c l  C ~ r p o r ~ t i o n  L. C, jibhcr 
B!:publ-ic S ts::l C c n n r 3 t  i o n  T. Lichtanv~zl  t sr 
5 t ? n d ~ ~ r d  St t ?.l Spring Corrrpnny 3.  S h o d s r  

0 -717- 



( Caat  in^. producers) 

General Steel Css tings Corporati on R. A. .ZezeJ,Zu 

(mectrode Core Wire Produce~s 1, 

Allegheq Ludlum Steel Corporation 
Allegheny Ludlum Steel Corporation 
herican Steel & Ifire C o m p a q  
American Steel b?. Wire Company 
F i t  tab-& Steel Coqaqrr 
PitterBurgh Steel Company 
Rustlese I r o n  & Steel Corporat ion 

(net troda %nufacturere) 

Allay Rods C o m p w  
Arcos Corporation 
Arcos C o r p o r a t i  on 
k c m d a  Corporation 
Champion Riv o t Coqany 
Coast Metals, Inc. 
Crucible Steel Company 
Crucible Steel  Company 
k n i s a h f  ogcr Coqoratian 
Harniechf egar C o q o r a t  f on 
Ibmlschf egor Corporation 
BoLlup Corpoxatf on 
Uncle A i r  Pro&ucta Company 
Linde Air ProcZucta hrupnny 
Mamath, Inc. 
Iburath, Lnc. 
Metd & Tharni t Corparat  i on  
14etrJ & Thwmit Corporat$on 
Pw-;o Steel & !?'ire Div., American ChaPn Company 
Page Steel & '!ii.e Div,, Xmericcm C h i n  Corqnqy 
Paga Steel & Wipe Div., Amaricnn Chezfn Coqaqy 
Re id-Avery Compnny 
A. 0, Smf th C o q o r n t i o n  
A. Om Smith Coqartt'cion 
Unn Welding, Inc. 
Un3 Welding, Inc. 
Wes tinghouse a a c t r i c  & l h u f a c  turin~ Corgni73; 

J, K. Findley 
J. 2. Zuner 
B. H. Smith 
C. R Xomdel.  
Dr. S. A. Bralay 
L, 14. Voyer 
3'. R. Bloom 

Id. Q. Sedam 
R, D. Thomas, Jr. 
B, N. * h e r t z  
J, X. Kumberstona 
D. S. Comelly 
C. V. Toers t e r  
G. G. Masritt 
5. A. G~odford 
W. H. Rutishnuser 
%. D. C. Smith 
W. G. Rlnehart 
J. 0. Ce.vanagh 
J. M, K o i r  
W. B. Miller 
0,  A, 14aurzlth 
3. C, ?%itmsr 
3". X. 3 q ~ p a l e r  
D. L. bkdthina 
I?, A. Logue, Sr. 
J. X. Skinnsr  
J. 5. yi lbert  
Dr. J. V. 14iI.1~~ 
3r. 14. K. Blnachzrd 
3. -A. Sta i i t l  
3. C. Knight 
G, V, Woods 
C. 9, Jennihzs 

(assist nnc t3 'Yol d Sauipment N~nufnc turers 

Generd .Efeetric Comnr:? W. T. G i l l c t t c  ... " 

Twlor-Winf i e l d  Corporat ion ~7 .  ;3, Cooper 



Glenn L. Martin Company 
Glenn L, Martin Company 

h i c k .  Motor Div., GE,IC 
National Bureau of S tandmds 
Naval Rasearch Laboratory 
North American AviatZan hrporation 
Ohio State Universf t;y 
Rensselaer Polytechnic Institute 
U, 3. Steel Corporation, hoearch Laboratory 

V.. G, Guy 
L. Barrett 

S. MI Spice 
G, A. nlinger 
C, E. Jackson 
Col. G, 3'- Jenka 
Prof, J, R. S t i t t  
Prof. W, PP. Hsrps 
Dr. R. H b  Akoxn 

Office, Chief of Ordmnce 
Off ice,  Chief of Ordnance-Petroit 
Office, Chief of Ordnance-%trait 
Off ice,  Chief o f  Ordnance-Detroit 
Ordnance Off ice, Wright ~ i e l d '  
Bb erdeen Proving Ground 
Rock Islsnd Arsand 
Watertown A T s e d  
k t  or town br s e n d  
Vat artown Arsenal 
Chicago Ordnance District 
Chicago Ordnance District  
Chicago Ordn,mce District 
Chicago Ofdnmce District 
Chicago Ordnance mskrict 
C i n c i n m t i  Ordnance District 
Cfncinn~ti Ordnance Dietrict 
Cleveland Qrdn,ulce Die tric t 
Detroit Ordnance Distr ic t  
Fhiladelphia Ordnance District 
Pf ttaburgh Ordnance District 
Rochester Ordnance Df strict 

k p t .  J, '$9 Cwbel3. 
Capt, J. B, RaMdl 
Lt, J. F. Ml lon 
Lt, 3. J. Mott 
MRJ . Y. 14, &!&p 
Capf. W, C, n e s s  
J. K. IdcDawell 
Colr  H, H. Zornig 
Ye Z. !fes;rner 
P, E. W O O ~ W E ~ T ~  
Lt. H, J, Spreckon, (fr. 
W, A. Owens 
W. D. 3nders 
A, 3, Mason 
R. L* t#alch 
Lt. Col. Go M, Enos 
C. Cuthbertson 
X. Banskamp 
A, P, Capitani 
W. 3, Jeffrfes 
kj. G. 3. Kmdo 
C. B, Frazer 

Services of Supply Lt. Col. 5, A. Richardson 



ATThlllIlAEJCE ( con t . ) 

-coOnt 1 

Bwwu of  Ships A, 0, B i a s a l l  
Naval Gun Yactory 1J. E. McKenzIe 

, Philadelphk Navy Yard eomdr. 0. a. Sutherland 

(Army hir Forces) 

:fright F i e l d  Lt. ~ o l .  H. W, Machaald 
Wright F i d d  Lt, J. Koss 

(I$-. .P~~qduc t i o n  Board) 

Steel Srsnch V. 0. heeney 
Equipment Brandh M. h i l e  

( N a t i o w  Research Council ) 

War Metallurgy Committee B. 3. h o g  

Inapec ti an Board, Unf t ed Kingdom & Camda. Col. H. GA Hoare 
Inspection Board, United Kingdom Canada J, A. Balcom 

GrnSTS - 
Buick Hot or DIP, , GPtC V. Xense & 

Ohio S t a t e  University M, W. Renter 

(Yold ~ i a i s o n )  

Jones r95 L a q U i n  SCea'l. Corpor~tian IT. P. Getty 
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HOTm GLEVlUirSD, CLEVWA!YD, OHIO 

American Locomotive Company 
Baldwin Locom tfve Company 
Breeze Corporation 
Breeze Ca r p o r a t  ion 
Cadillac Nu t a r  C a r  Diw,,  GMC 
Cadillac idotor Car Div., GMC 
Chicago Vitreous ~ m m e l  h q a n y  
Chicago Vitreous %namsl Compaqv 
h t r o i t  Tank  Arsenal 
Diebold, Trice 
General American Transportation Corporation 
General Amsrican Transportation Corporation 
General Mo toss Corporation 
Heil Company 
Joslyn %nufactwing & Supd .y  Company 
Lim Lo como t.ivo Company 
Lima Lo como t i9 a C o q q  
Mrss ser3Earr E a . Compwy 
Midlad Stoel Pmducts Company 

. PXymuth Motor Car Campany 
Pr sssod Steol Oar Company 
A. 0. Smith Corporation 
h r n a  tadt hmf'ncturing Dive, GMC 
Truak B Coach giv., G3.fC 
U, S, Spring & 3umpor C o m p w  

H. S, Swan 
A m  Jm 
W. Semaanyna 
J, Hrusavw 
C. E. Mchrmick 
A. H. Smith 
E m  1E. Howe 
J, Tucker, Jr* 
W. J. B l a k e  
A. L. Abbatt 
B, C. %gar 
B, R, Smith 
Lr A. Ilanse 
c* k t  
M. J. Barry 
0. B. Sch~I.tz 
8, G* Bishop 
A. W* Hubbard 
W, 3, Smfth 
C* C* Cross 
H. C, B-in 
J. J. Chyle 
C. F, Rimh 
J, M. Diebold 
3, Brooker 

(plate Producers) 

Amdrican RollEng i d i l l  Qmpaqy 
Standard Stee l  SpriG Comparry - 

Goneral ~ t o b l  Castings Corporation R. A m  Gezelius 

A1 1 egheny Ludlum Stoel Corpornt ion 
Alleghesy Ludlrim Steol Corporrttion 
Am'erican Steel. & Wire Ogmpany 
PittaburgbSteel company 
Rustleso Iron & Stetol Corporaation 

J* Ke F i U w  
3, H. Ilumf 
H. B, Smith 
b, s. A, ~ r a s w  
F. K. Bloom 



ATTXlHIUOE ( coat, ) 

Air Reduction S,des C o m p q  
Alloy Rods Coq,ury 
&cruds Corporati on 
Const Metas, Iac. 
Crucible Stool Compnny 
Crucible Steal Coqnw 
Xarnischf agar Cos.poxrrt ion 
b,rnischf egor Corporati on 
Lfnde Air Products CompLmy 
Linde Air P~odzicts Company 
Maurath, fnc, 
M*f Coqa,ay  
Hot& 8 Thermit Corporation . 
Metal & Thermlt Corpor~tion 
Page Steel & k'iro Div., Anerican Chr t i i l  Coiqany 
Pago Steel Viru Dbut, hc r i cnn  CAhain C o ~ , n n y  
Reid-kory Corrphmy 
A. 0. Smith Corporation 
A. 0. Smith Corgoratilon 
Wos tinghuse Elcctr ic 8c lrlanufacturing Caqsny 

H. L. rwe~n, JT. 
M, Gm Sodam 
J, H. Hunberstone 
C, V, Pocrster 
0. G. Merritt 
J o  A* Goodford 
Ik, D. C. Smith 
!V, G, Binohart 
J. M, Keir 
W, B. Miller 
F, C. Whitmer 
M, J. VanDxeser 
J* H, Deppeler 
I), L. k t h i a e  
J, L, Filbcrt  
F, A. Logue, Jr, 
3, J. fv. Mil lo r  
Dr. N, IS. ~ l m c b r d  
3. A, S t o i d l  
C, H. Jennirgs 

( ~ i r c r a f t  Tabrichtors) 

Glonn L. 3krtin Company w. G, Guy 

INDIVIDUALS 

Buick Ma tor Div., Gl-IC S, M o  Spico 
Naval Reserrl. ch Inborntory C. 3. Jackson 
Ohio S t a t o  University Prof. 3. R, Stitt 
Rnnssolnor Folytechnic Ins ti tuto Prof. W, F, H-oss 
U. S, Steel brpora t ion ,  &soarch kboratory Ih-. B, Hr Aborh 

Off ice, Chiof of Ordllnnca 
Office, Chief of Ordnnnce 
Off f co, Chi cf of Ordnance-Detroit 
Off ice, Chiof of Qrdnu~ce-Detroit 
Off tce, Chief of O X W C ~ ~ ~ ~ O  it 
Ordnance Off ice, fifght Fie ld 
Aberdeen ProoSng Ground, Resewck Center 
Rock Island Arsenal 

kj. J* W. C ~ b 0 I l  
R A, Yebster 
Cwt* J* F. &bal l  
Capt . A. F, Boucher 
Ltm J* J* k t t  
Maj . 14. Dunlap 
Capt. W. C. Pless 
J. K. Mclhwell 



(Ordnance Department, U. Sr A,) (eont.) 

Vatertown Arsenal 
'htertown Arsenal 
'*ratertown A~sefial 
Chicaeo Ordnance District 
Chic~go Ordnancs District 
Cincinnati Ordnance District 
Cleveland Ordn~lncs District 
Cleveland Ordnance District 
Det ro i t  Ordmncs Die trf c t  
Pfttaburgh Ordnance District 
Philodslphie Ordnance Pis trict 
Rochester Ordnance District 

&j. N. A. Matthmti 
~ t .  S. A. Herres 
?fa L, %rnes 
C. L. Boucon, 
!'!. E. Enders 
Capt. L. D. Lowe'-. 
H. J, Princfpd 
G, J. B i g o t  
A, P. C~:pits ,n i  
&j, G, HI Knode ". 

W. J, Jeffries 
Q, B, Tracer 

Services of Supply Lt, Col. Sr k .  Richardson 

Bureau of heromuti cs Lt. H. J, Ehrris, Jr. 
Nnv?l Gun FEctary Comdr. R, H. -Bert 
Navnl Gun Fec tory Y, E. HcKenefe 
Bureau of Ships Lt, L, B, Sykea 

(Army A i r  Forces) 

Vright Pi e l d  Cp.pt. A, c* schultz 
. Ifright P i e l d  Lt. J, &$s 

( ~ r n n s p a r t ~ t i o n  come) 

Office,  Chf ef of Tssn~port~tion C n ~ t ,  M, L Knhl 

( ~ ~ , t i o a ; ? l  Rera~rCh hvcil) . .. 
t+r~r M~.tn.llurgy Corn1 t t e e  %, S, Mfkhaagov 
t%r Met~,llurgjr Committee Dr. A, h l l e r  
War Met~.llurgy Committee K. P;, Hie&e 
7tnr Metrzllurgy, Commit  t e e  a, J* Zoog 

British Smaly Mission G, B, Findan 
Inspection Bo~,rd, United Kingdom ~ n &  h d a  Colr H, Go bare  

J) Inspection Board, Unit sd Kingdom and Canad& J. A. Bslcom 



GUESTS - 

Carnegie-Illimie steel Corporation 
Jeasop S t e a l  Conparry' 
Jones & Laughlin S t e e l  Corporation 

C, J, Hunter 
A, B. Caapor 
?J. P. G o t t y  



APPrn3IX D 

A Postscript by the Author 



When thm prepmatian af th ia  repnrt was initiate&, it warn p'lanasd t o  
preaent the s t o r y  & tbr Gubcmnatlttea atr26OJy ir reeerbnra wktb the actual 
record am ebwa b$ the o f f  fetal atiautarr, Bubammif tar a@rrr*a&ma and 
publiaatiorrler included hrrbkn~ It wBr intended t b t  tbs re-t sf this 
port should obtain an understanding at f irrt  had o f  the funbfieniag o f  the 
Subcamittee and thereby have a batter nppreuiabian of  whRt it did, how it  
did it, and w h a t  the eignificanea of ilm pr~tivittsa was Pa the brdnaaoe pror 
duction m o g m  for World Vax In aecerbance with this objwtioe a miai- 
mum o f  introductory and editorial comment w i l l  be f bund up t o  this pbfet eM 
the s e d e x  mny, therefore, wonder tsw a rmort of thje eort was preperd with 
out same comment from the author, who was qu i te  cleselp ~sebcla ted with the 
dfeixrt of the %bcommfttee from its b6ginnin.g. 

The comment3 or criticf sum of thig nppelmbir are presented aaitBer in R 
apirit of apology nor in a apirit of esnsure. They &re precrentsd f o r  the purcl 
pose af pointing out and emphRar5xing csrtafn trenda which m y  o r  mEty not hwe 
signif l w a e  from the  overall viewpoint of the IRatlond Defenre Program of 
%rld ?far 11, f i e  2ender m a t  ultimately judge thoso mttars bg. himself and 
-a hid own decirriana from a 8tuQ of the reaord, I t  18 desired to  suggest, 
however, that such juQment ahauld not 'lre d e  too b r t i l y  and certeinly nat 
untOl Wt part of the record of the b r l d  Vnr IT effortr with which the Sub- 
committee wae concerned, has bean studied alld adequately aabL3lysd. T h e r ~ f e ~ 8 ,  
th is  Subcommittee F-ec~td b,s  been prepare4 as R em11 pwt bf the overall s tory .  

Aa has been pointed o u t  in numerous discwr lons  at 6ubcammiCtee meetingia 
arid in f art If of Bppendix B, the Submrmnf t tee was organissd to hct as ebn ad- 
v i s o r y  body t o  the O r m e  nepartment a.nd funstioned ae anoh t k d w  the co- 
operatian of industry with the Ordarsnce Pepartnoat, The Subeo'lamlttee uas e r  
ganized an4 sponsored by the O-nce Bepmtment but had no aulthoriw t o  commit 
either Ordnanae or industry to aw spscif ic p a l l q  or aotlree of action. It 
served as R commn meting ground for di~lousmion tm.4 argument of teehn3.sal. pro+ 
loms rezating t o  fabrication of armor by welding. I t  war an wenay for dim- 
tributias of  clsesif ied teahnicaS Idormatian md detn eonderned with 8uch fab- 
rication t o  those individw.16 axad agencies wbtch could best make w e  of  S t  to  
expedite the war effort, In some eases polic5.de were or'lgimfed and courses 
of action planned a8 a reeult  of these arguments and diecussions bat, before 
such agreemente could benome effective, off ic id.  consideration and appravd 
by the b b n e e  Department were requirqd. 

This stntus of tha Subcommittee mrw momtimes f a r p t t e n  in the heat of 
argument as 1nd3cated 'by the minutes of some of the meetings. br&azanic~ poli- 
ciee and requirements were sonetimea severely ~ritic$aed, part.lcularly daring the 
period of prqmratlon for offanaive military action when 'the heat was an' far 
all-out brotlubtforr of combat equipment, In thia respeat then, at3 8ubcomittee 
functioned somewhat Be E safety velve ~,nd a l iaison agencfr between the Orcbmoe 
D e p a r t ~ n t  and Industry, as far as the techn3ed. phsea  of fabrication af armbr 
by welding were concerned. I n  there nee tings, where Ordmnce rep~ecsentatives 
and indue ti'ial reprerelltctivsa of  the tank fabriaatora, armor produoerr, aad 
welding electrode wufecturers oould a i t  down musd one coMerenee table 

I )  ~ n d  each ugue abqnt hi@ own aiflicultiea, there m a  qportmity afforded for 



a31 partieer concerned t o  know more about the troubles of the other f el law and 
obtain at f"lrst hand some idea of w h a t  could be ad would be 6one t o  expedite 
the pmd.uatloo o f  w k x  wldment~.  It is believed t h ~ t  participation in the 
aetif itiers of this Stiboommittee m a  an education for all concernedr 

The method of developmeet of the Subcornittea organization 5s believed 
fntereotirg. In the beginning repreeentation war Elrvited f r o m  three f ields of  
industrial activity--the welding fabrf catar s, asnor plate manufaoturers, and 
tho welding electrode manuf'actureraubecau~e it w a s  regarded that these three 
gralrps w o a d  be most certainly involved in any mjor praductiozl of armor weld- 
mente by American industry, At first i t  vas thought that token representation 
from these three industrial f ie lds  would be preferable in order t o  restrict 
the sf ze of t h ~  Subcommitltee to something worhble. However, it soon b e m o  
apparent that this prinuiple woUd not be acceptnble, to industry, as each cow 
p ~ n y  which b s m  involved in thie problem of fabricating armor by welding b e  
came a l so  fnterostsd in mamberahip on the Subcommittee ns n nanns of keeping 
up with the latest toch icd l  developments in welding of etrrnor and ordnance 
polOoiss pertaining thereto. &Lao, the production organization of tho ~rdmnce 
%parbent, b ~ i q  desirous of sqanaing the poteatihl ?Industrial capacity for 
producing armor woldment s for  c o e a t  materiel, encouraged indm trial companies, 
who might be intoreetod in engagiq in auch produotion, t o  affiltats with tho 
~ w m P t t o a  for purposes of indoctrination oducatioa. As a result, with- 
in a period of one year tha mnibership had doublod pad within two months after 
Pearl &rbor tIRd doubled wain, The Subcommittoe reached its mximum size 
in late 1942 nnd from then o a  attendance a t  meetingsr gradually diminished. 

After the first or orgwiaational meeting of the Subcommitte~ in Deaem- 
ber 19b additions t o  the  membership, proposed either @ Ordnance or Indua- 
t r ia  repreoentatiyes, were made vote in open meeting. In late 1941 the 
number of additio~a was becoming too great t o  allow tho time for voting in 
open meeting, and so voting was conducted by correqmndonco. k i n g  early 
and mi&aXs  1942 the pressure for fndustrial productivity in frrbricating armor 
weldaenta caused such rapid expansion of imluetrid f ntereat in SubCommit tee 
activities that additions t o  membership were W e  when proposed by canvnasing 
the membership without the formality of votirg. 

In 1 ate 194-2 a mmkerehfp check-up was wde rto indicated in P w t  If I, 
Appendix AI and a formal nemberahip l i s t  as of 1 January 1943 was prepared 
similar to that sho.wn in Part IV, Appendix A. From th i s  period on .memberhip 
on the Subcommittee was obtained by appointment with approval of O f f  ice, Chief 
of &dnancer &ch %ndumtrial company war l i n i t e d  to not more than twcl ma* 
berg as irdicated In Part 11, Appendix A. Sawral prolonged arguments by COP 

reepondence occurred be tween t he Chaf man and eer b i n  indue trial company 
maagerner$ts regarding this  &initation t o  two nemibara. One such exaaplo i a  given 
fn h r t  I-\ of Appoadix A. In all of these instances the decision of the 8ub- 
conmittas Chairan was never roversod by the Office, Chief of kdmncec 

As indOc~t~d previously, i t  uas at f i r s t  conaidered desirable to l i m i t  the 
size of the Subaonmfttee to a token represontativo working body but whon the  
scope of tho war procluatfoa effort bogan t o  incronsa t o  all-out proportions 
thie though$ had t o  be nbandoned nnd the SubcomSttee incseasod in siao by 
leaps and bounds, After the ffrst two or three neettngs, it was decided that 



a e W . 1  workfng grow ahould be activctd %a plsll and goardinmtl$ s p a  rrf the 
suggest& resawchaa, which had besn propoad lq~ disawaidna at tba meat- 

fngs. This was acocrmpiisherd at  the thfrd meet;iag of tho ESYboammittse on 20 
June 1941 tmd resulted i h  the acttvation of the %s@ap& P r ~ 3 ~ a a  fhbgroup, w~lr. 
eisting of xepresezttativeo of welding  fabrfaatare then on the Subconuaitt@e, 
!Chis Subgroup l g t e ~  bs-e the Homogensoua k r  Fabricatorsf Group but tn thb 
in i t ia l  e w e s  wag conoersred priawily with development 09 test bter on per- 
foxmmoe of w ~ l d s  in armor d mttability of avsilsbla weld* laaterWr for 
weld5ng armor, 

By the f i f t h  meeting in October 1941 the repressatation of the gleotrode 
mnuf'acturixqg industry on the Subcommittee ha8 grown eonlsSderebly and i t  waar 
decided that the problem of development of elsotrod- for w e l d i n g  83.mor ba8 
become of suoh importance as t o  w a r r a n t  the attention of a apraaial group, so 
the a e c t t o d e  Group was activated. $. this arrangsrreaf of w o r k i ~  groups 
on special phases of the weldiw of armor problem i t  was fat that tha Sub 
committee assC1x1gs could be freed from mrrch of the apiec$&Sssd dfseusoioo by 
interested group@ and more &ttontfon wad be given t o  W bwMer aspeats 
of the problem o f  wslUng armor, &so it was felt t b t  the ~ D ~ I J  ooUSd, b e  
cause of their sma2l~r qiaa and specWieefl m&brrrahip, gaiter prpgrsss 
in a o l v i ~  the apdof&L probleers in their pjrtfailar fiead and g ~ y l d  meet $B- 
dependently of tho Subcommit tee itaelf for  illrcurriem of their speciiqlirad 
problems, thug faoilitatlng exeimnge of info-tion. 

1Fp to the beginning of the asdoad quarter of 1942 tho atrcmft f absic&OBw 
industry and the resistance welding industry were not repressntgd on the 
Subconmiittee. k i n g  the ammar of 194% a Subcommittee oa Resistance Welding 
bad been formed but progress in the melopment and qpllmtioa of resiakuace 
welaag methods f o r  fabrication of armor had been very small because of the 
recogaissd limitatiorrs in the w e  of thiar process for armred veh'lcle8. A t  
the a t a r t  it waa thought tbt this proeesa would be of peatett Sntereot Ito 
afrcrdt fal~xleptcrre because of the gauges of m o t  involved in airoraft con- 
struction. 'Phe h-vy gauges of amor involved i n  tank febriqation pppersred t o  
exclude the use o f  resirtanco weldll?g. A s t u d l y ,  the alircsdt fabricators 
e~@k@xdl.y became mre interea ted i b  rngtal-arc welding for amor plpte fabricr- 
tian. 

Therefore, ia  order t o  sttmulate lntarest in and facilitate the use of 
armor weldmeats for combat aircraft and pos~lible  appliaatlona of resistmce 
welding t e  tank fabrication the Subcomaittee on Resistance welding was merged 
with the Subcommittee on IJaldi- of  h r  l a  the remnd quarter of  19k and 
the aircraft fabricating industry wwa invited t o  membersh%p on the Gubcorrmitte@ 
at the tame time. This addttion t o  the Subcommittep reaulted in the aotivatibn 
of r Resishae  Welding Grow aod an Aircraft &bricatorsl Oroq at the marfbw 
o f  20 September 19Qr 

A t  thla meeting a Specifications G r o q  and a Research Group were also 
activated mking a to ta l  o f  seven (7) how8 of the S u h m i t t e e  as f ~ l l 0 ~ 8 :  

Homoge~eoura Armor Fabrioator st  OToup 
Pwe-brd$rnmd IFmr EabrS~$"to~' Group 
Aircnaft  Brnwrr Babricatora' h w p  (&starnand Vestera 
D~vi of an) 



Blectrsde hawfacturers' Group 
Rostg t m c 9  Welding Group 
Specif icationa Oroup 
Research Group 

The F a w - k d e n s d  Amor Febrf catorst Group had 'been activated at the 
meeting in k c h  1942, when the Research Program 6ubgroup became deoignated 
at  the Eomclgeneouar Armor Fabricators' Group .  By the end of 1942 aa Amor 
friaioon Group had bees act3~ated t o  mintafn contact with the activities of 
the armor produears so that the problems of the fabricators with respect to 
base metal could be pseaented to the makers of plate ahd casting8 and the P F O ~  
lems of mmr production could also be better understood by the welding fab- 
ricetors. Simf lar l ia i son  grows were designated from the Subcommittees on 
Rolled and Cast BFmor. 

, Members of these groups received notices of al l  &%committee meetings 
and uere prlvilegsd t o  attend as guests but aid not receive the minutes or 
other Subcommittee publications. This syatem of organization i s  explained 
in P e t  I f  of Appendix A. 

With reference t o  development of ba l l i s t i c  testing methods tit Aberdesn 
Proving h a m &  the reader w i l l  note f r o m  the mirmtsa of the meetergs in m mu my 
and %rch $942 that the so-died 'rubber yaxdstick" was a popular suaject of 
errgumeat crftPcism by industrial represeh€stivep. &en at some of the later 
meetings references to this subject ware made. 

The d i f f i c u l t i e s  inviqlved in standmdieing a ballistic test as a " g ~ "  and 
% gom propogi t i o n  can Be batter underatbod if the "conditions of the t inesn 
a t  that period am be rfsalieed. The armor  comporaitiona and requirements wore 
in a state of chtmge dm to the alloy sftuation. &my campositibnL were 'being 
tested, Welding procedures f o r  t e s t  glatea were not etmdardized. Pro joctEles 
were fa prcrcesa of development and because of no prmious peacetime production 
of armor weldmentr a background of experience with b d l l i s t i c  ped~rmince of 
wslda in atrqor was lacking md, therefore, standardization cf the t e s t  at this 
time waa m t  feasible. %preaontntEves nf Bbordeon Proving Ground and Office, 
Chisf of Ordnance ntook  i t  nn the chin" in many of these arguments but it is 
believed that generally they handled the situation vary well as sham by the 
s x t ~ a c t s  from the minutes.. 

The lesson whieh m q r  be gained from this situation points out the need A 

for keeping up orbante  dwelnpment and testing activities in order to main- 
tain an dequate background o f  up-to-date experience upon which adequate de- 
cfsfone can be based with snme degree of reliability in ~ n y  future national 
emergency. 

Welding was a new and untried process for fabricatiw armnr at the atart 
of hostilities on 7 bceDiber 194l, but within e i x  months iadwtry was producing 
welded tanka, not perfect perhaps from the welding ~tandpoint, 'but neverthe 
less  effective in combat, The welded design wax possibly n o t  the main factor 
in thia  effectiveness but was an important contributipg factor and sufficiently 
sn that 1atqr designs dl. involved welding in soma form. 

* 



9he problem of standwdi~ation of elootredss Oar wddikg armnr wss the 
subgect of maay hot arguments in the disclzersiolts OP the Smaammittse asd the 
Electrode Group. In the er~E.y days of the Subcomanitbea, the 25/20 ahinleas  
steel electrode m e  the only  amilable comercia3 pro8uc2 for welding of araror. 
After the baglnning of hostilities the nhortage of the dloys--nicks1 and 
chrome--indicated the desirability of raduciag, if poeslble, the amount o f  alloy 
required fn the electrodes for waldiug armor and ways aad meme t o  that endwere 
sought by a11 facilities concerned. Thfs semch eventually resulted in tbe 
development of the manganese and molybdenum wdiiiesd types of 1818 electrode 
f o r  the weldfng of armarm Certds types of l o w  alloy ferritia electrodes 
( m ~ 2 ~ )  were also developed for this  purpDsa ht l$mmf*ltione as t o  the We 
of this Q p e  of electrode prwented general adaptOoo and tho n~Jor i ty  of arnror 
welding waa parfarmed wf th tho modified 1818 fype of electrode. 

I 

The problem of etandardixation of the stainlees ateel eleceode clersaffica- 
tions was aomplicrrrted by the fact that eetch electrode producer bad his own 
special oare wiro composttion and coating. This siturrtion hampered mse prp- 
duction af  steel for core wire and also necessitated that each armor fabrlaabr 
must quali@ his welding procedures with each brmd oP alectrodo he desire4 to 
use. This qnzdification b e w e  a 00stl.y and tim~gonsumiqg proposition both 
for the fabrf cafore and the Ordnance bpmtment, sinco eb great amougt of dwp 
l i c a t i o n  of tcstiag wsa require&, 

As a reault thero WRO much agftration for an Chmnce Speofffcagha for 
sbixlleos steel  alectrodes for w a l d i e  armarm The frabrimtora wero loudest 
in this agitation but the electrode producers gonerally rsfrdned fromi cow 
mittlng thomselvea vary strongly on tho subject. For a tima the Ordnance b 
prtlnsat raeiated this agitation on the pounds that i t  w a s  industrgCs rser- 
pongibility, but eventually it was recognised that Orilrurnca would have t o  ds- 
velop a specffimtioh in order to standardize claseifications o f  electradss 
for welding armor and that such standardization miaht almpliFy the problm of 
procedure qualificntion by tho fabricators. ThPs a;loo would lighten the buF 
den of bs l l i s t i ic  tetstlng on the facilities of Aberdeen Praving hound. 

With the sclvfco and assistance of the Electrode Gmq, %ecification AX&- 
$86 WPI f l r ra l ly  developed and, with the advent of the8 speoiffcat50n. one of 
the met persistent gripes of the fabricators disappearad. with the d e v e l w  
ment of 4pprooed lists of bands under thie specificertioa, I t  now became pos- 
s i b l e  for n f~bricator t o  quallfS. a welding procedure using trno apgroved brand 
in a par tirmlar classif iaat ion aad be then automrrticaly q u l i f i e d  with al l  
other 'brsnda approved under AXS-886 for the same clasaif Pwat9oa. 

In this process of stmdardization and development of Orchance Specifica- 
t i on  bXS.8g6 two compositions of wre wire were stmdardized by agreement 
begween the War Production bard ernd the Bectrnde Producers a d  prpducsrs 
of the core wire. This was a War aacoqlfshment since, RB hRs already beso 
mentioned, each electrode produoer h@ his own nppet%ore wire composition esd 
coating. Also the strong cnmercial, corqpetitive attitude nf tho electrode 
maaufacturers hindered th i s  ataadburdization to some extent until the Pro- 
ductloa Board and 'Steel Industry literdly l a i d  down the l a w  f n r  rt-diratioa 
of core wire conposition in order t o  coneerne thq alloy atnck pila. The shnrt- 
age of  molybdenum forced the uee of the -woe modification far tho najrrri5y 
of the armor weldfng. 



Am thze i a  witten the armed forces of the A l l i e d  B~tians have auhiwed 
t!!&bs abjsb.b%oa, deartructlon of the armed forces a f  the Axis Powers, and the 
need for the Subcommittee aativitles no longer exists. The people of Bmarica 
should wjoics t h a t  this is so and while so rejoicing might remember that the 
aativf ty of this Subammfttee illustrates the practical working of a fun&- 
mental h r i c a n  principle, wnoly, that the solut ion of certain commn prob- 
lem can be @ite effsctively realized if a31 intareeted parties can have the 
opprtuni.t;y, and w i l l  take advantags of it w i t h  calnstructfve Pntont, ta ex- 
press their views in apsn meetlag t o  d i  scws their mutua l  problems, aad will 
actively sqport a ma;farity ~greement for the common mod of allr 

Here was a r i  tuation in wh5ch American iadua try waa given a production 
Jab t o  do on a product w i t h  the welding problems of which neither it  no^ 

Ordnaace had had previous experience. By oo-operative effort  though tho 
t ecb$cal activities of the Subcommittee and ~ssoci~ted facilities these 
veldilrg problom were worked out t o  such an extent that the production Jab 
waa made possible. How different the outcome might h v o  been had tho 
mnce Department Won a dictatorfd. st& and arbitrarily is~uod orders 
instoad of imiting the co-operation of industrg in the ~ o l u t i o n  of the taalr- 
n i m l  problemer of fabrfca$ing armor by wolding through the agoncy of this 
Subcommittee and othars. 

In conclusion, it is considered proper to  remgnize the valuable a8- 
eltjtanco rendered by tho various Group Chairmen in conducting tho vork of 
the subcoramf ttse. Phis involved armwfng for a d  conducting msotinge of 
their reqpectivc Grol;rps and prqari ng minutoe of those moetingsr f o r  r saord. 
WP thout such asrjie t w c e  and co-oporation successful conduct of f hc affairs 
of tho SubaamSt%ee would h ~ v s  boon sxceadfngly difficult, if not i m p b ~  
sible, 

Tho Pollovdng ssrpad ae Chailrmen, f o r  certain periods, of their ros- 
pective Grows: 

E?UQ maiman &Pi1  i a t ion  

&mogancoue Amr Fabrlcatoral 
Homogeneous Armbr $abricators ' 
m8ctr~de Manufacturers' 
Electrode Pfauwufacturors ' 
Face-hrdenod kmor  Fabricators' 
Resistance Welding 
lif rcraft drmr Fabricators ' 

East ern Division 
Faatern Dfvisiosl 
Western Division 

Specifications 
Research 
Be search 
h o r  biaieon 
llrnor Liaison 

W, B, Schmitt . 
J* K, McDowell 
3. Brookor 
C a p t .  J. 3'. h n b l l  
A, L, Abbott 
5. H o  Cooper 

Rock I s l a d  Areondl 
Rock Island Arsenal 
OCXbWaahlngtan 
OCO-Detroit 
Diebold, Inc. 
Taylor-Wiilfi~ld Co rp r 

0 . A .  S . -b ight  F i o l d  
O.A. 3.-Wright Field 
DDuglas Aircraft Go- 
OW-Datroit 

vOCO-tdn.shington 
Westinghouse Wg. Co- 
Baldwin frocomtfve Co. 
Gene- &tors COP+ 



v 
a ~ e a t  irsg tha organisartion 4 --meat &? Wlamm%t"tF &fa%ra 

as Cha3~rrmn were %hm fallwing in sucoes~fanS 

L*, hl* SI B, Ritehzta 19 %embar 3940 $o 7 Ibmesihm ~ $ 1  
Wor a, 5, Cox &amber 194'1 Wsh 3#E 
Gel, E, a. kr&g k c h  $9& ho &p8awbe;r 19@ 
Lt. b l e  bJ, A, Matthew8 Serptenhsr 1944 ta Hardr I* 
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